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(57) Abstract 



A technique for spread-spectrum communication (figs. 1,3, 12 and 14) which uses more than one mode and more than one frequency 
band. Selectable modes include narrowband mode (113) and spread-spectrum mode (111), or cellular mode and microcellular mode. 
Selectable frequency bands include both licensed and unlicensed frequency bands, particularly frequency bands including the 902-928 MHz, 
1850—1990 MHz, and 2.4-2.4835 GHz frequency bands. Spread-spectrum communication channels are 10 MHz or less in width. The 
frequency band onto which spread-spectrum signals are encoded may be changed upon a change in environment or other control trigger, 
such as establishment or deestablishment of communication with a private access network. A multi-band transmitter (fig. 12) comprises 
a single frequency synthesizer and a frequency source (606) (e.g., a local oscillator), coupled to a selectable band pass filter (619, 620). 
A multi-band receiver (fig. 14) capable of monitoring one or more frequency bands comprises bank of bandpass filters (714, 715) and a 
demodulator comprising a single frequency synthesizer and a frequency source (721). 
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SPECIFICATION 

MULTI-BAND, MULTI-MODE SPREAD- SPECTRUM 
COMMUNICATION SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is a continuation-in-part of 
copending U.S. application Serial No. 08/293,671 filed on 
August 18, 1994 entitled "MULTI-BAND, MULTI-MODE SPREAD- 
SPECTRUM COMMUNICATION SYSTEM," which is a continuation-in- 
part of: (a) U.S. application Serial No. 08/146,492 filed on 
November 1, 1993 entitled "DUAL-MODE WIRELESS UNIT WITH TWO 
SPREAD -SPECTRUM FREQUENCY BANDS,", which corresponds to 
international application Serial No. PCT/US94 /12464 ; (b) U.S. 
application Serial No. 08/059,021 filed May 4, 1993, entitled 
"DUAL-BAND SPREAD- SPECTRUM COMMUNICATION" (which is a 
continuation-in-part of Serial No. 07/976,700 filed November 
16, 1992 entitled "SPREAD- SPECTRUM USING TEN-MEGAHERTZ 
CHANNELIZATION", which corresponds to international 
application Ser. No. PCT/US93/11065 ) ; and (c) U.S. application 
Serial No. 08/206,045 filed on March 1, 1994, entitled "DUAL- 
MODE TRANSMITTER AND RECEIVER" (which is a continuation of 
Serial No. 07/948,293 filed on September 18, 1992, entitled 
"DUAL -MODE TRANSMITTER AND RECEIVER" and now issued as U.S. 
Patent No. 5,291,516, which is a file-wrapper continuation of 
Serial No. 07/698,694 filed May 13, 1991, also bearing the 
same title) . 

BACKGROUN D OF THE INVENTION 

1. Field of the Invention 

This invention relates to spread -spectrum 
communication and, more particularly, to a communication 
system using multiple communication modes over multiple 
frequency bands. 
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2. Description of Related Art 

Cellular telephony has been well known for many 
years, but with its growing popularity, more channels in the 
allocated cellular frequencies have become necessary. Among 
the proposed advances in the art have been a move from 
frequency division multiple access (FDMA) systems using 
narrowband analog communication to digital voice communication 
using traditional narrowband FDMA techniques possibly coupled 
with time division multiple access (TDMA) techniques. Further 
proposed advances include the use of code division multiple 
access (CDMA) techniques such as spread spectrum systems. 
Examples of communication protocols include IS-45, IS- 95, 
DCS1900 (otherwise known as GSM) , DECT (Digital European 
Cordless Telephone), and AMPS. 

Another approach to the problem of allowing 
increased numbers of users in a geographic location is the 
concept of personal communications systems, or PCN's, which 
utilize microcells. A microcell is similar to a cell in a 
traditional cellular system, except much smaller. Where a 
traditional cell may cover an area of several square miles, a 
microcell may only be a few hundred feet in diameter. By 
limiting transmit power, more microcells, and thus more users, 
may be co- located in a geographic area. 

Prior art does not teach a method for operation of a 
single telephone which has the ability to function both as a 
narrowband frequency, time, and/or code division multiplexed 
cellular phone, as well as a microcellular telephone utilizing 
time, frequency, or code division multiplexing, where the 
cellular and microcellular functions either share the same 
frequency bands of operation or are offset from each other. 
Nor does the prior art teach such a system where the 
microcellular mode may employ a paging unit independent of the 
unit's telephone functionality. 
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For purposes of the present specification, "analog 
voice" is described as a system where an analog voice system 
directly modulates a radio frequency (RF) carrier or 
intermediate frequency (IF) signal, and digital voice is 
5 described as a system where the signal is first digitized, and 
possibly compressed through any number of methods common and 
well known in the art, and whose digital signal is then used 
for RF carrier or IF modulation. A narrow band modulation 
typically uses amplitude modulation (AM) or frequency 
10 modulation (FM) , and has a bandwidth between 3 kHz and 30 kHz. 

In spread- spectrum communication, the spread- 
spectrum signal which is generated and transmitted has a 
spreading bandwidth which exceeds the bandwidth of the data 
15 stream. When using spread- spectrum techniques for wireless 
communication, it may be necessary to avoid or minimize 
interference with other users of the electromagnetic spectrum. 
Some examples of such other users are microwave communication 
users (such as the Operational Fixed Services ("OFS" ) using 

2 0 microwave communication towers) and cellular communication 

users (such as those using cellular telephones) . In 
particular, OFS services are critical to controlling, among 
other things, the nation's electric power grid, which makes 
the possibility of inadvertent OFS disruption extremely 
25 serious. Accordingly, it would be advantageous to avoid or 
minimize interference with microwave and cellular 
communication users. 

In wireless communication, the transmitted signal 

3 0 may be subject to various forms of frequency-selective fading, 

which may cause the signal to fade or drop out over a 
localized range of frequencies. Although spread- spectrum 
signals are distributed over a wider range of frequencies than 
narrowband signals, they may also be subject to frequency - 
35 selective fading over a portion of their spreading bandwidth. 
Accordingly, it would be advantageous to mitigate the effect 
of frequency-selective fading. 
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Spread- spectrum modulation in more than one 
frequency band can be difficult due to the wide separation 
between frequency bands. For example, operation in the 900 
megahertz and 1800 megahertz bands could require a synthesizer 
capable of covering approximately 1,000 megahertz in frequency 
spectrum. However, in hand-held equipment such as telephones, 
it is undesirable to use more than one synthesizer, or even 
more than one oscillator, due to increased cost, weight, and 
related considerations. Accordingly, it would be advantageous 
to provide a spread- spectrum system in which a single, 
relatively narrow, synthesizer would serve more than one 
operating frequency band. 

SUMMARY OF THE INVENTION 
The invention provides in one aspect a transmitter 
and receiver capable of operating in a plurality of frequency 
bands and/or in a plurality of modes, making use of either 
narrowband or spread- spectrum communication techniques. The 
invention may be embodied as a cellular or cordless telephone 
which utilizes frequency division multiplexing, time division 
multiplexing, code division multiplexing, or various 
combinations thereof. In one embodiment, the invention 
possesses both cellular and microcellular functionality, 
wherein transmission and/or reception may occur using either 
narrowband or spread- spectrum signals in conjunction with 
either FDMA, TDMA, or CDMA techniques, or any combination 
thereof. A system in accordance with the present invention 
may have two or more modes, such as a cellular mode and a 
microcellular mode, or such as a spread- spectrum mode and a 
narrowband mode, and the various modes may occupy common 
frequency bands, overlapping frequency bands, or distinct, 
offset frequency bands. 

Another aspect of the invention provides a technique 
for spread- spectrum communication which reduces interference 
from microwave and cellular communication users, especially 
when transmitting in a communication band generally used by 
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those users. In particular, said embodiment provides a 
spread- spectrum technique having a spreading bandwidth of 
about 10 MHz or less, in combination with a known center 
frequency. The known center frequency may be within a 
microwave communication band or a cellular communication band. 

Another aspect of the invention provides a technique 
for spread- spectrum communication which uses more than one 
frequency band, particularly unlicensed frequency bands, 
including the 902--928 MHz, 1850--1990 MHz, and 2.4--2.483S 
GHz frequency bands, and including the 1910- -1930 MHz 
frequency band or other future unlicensed frequency bands. In 
said embodiment, the frequency band onto which spread- spectrum 
signals are encoded may be changed upon a change in 
environment or other control trigger, such as establishment or 
de-establishment of communication with a private access 
network . 

The invention may be embodied as a transmitter 
generally comprising a switch, a tunable- frequency 
synthesizer, one or more modulators, a dual -band power 
amplifier (where the dual modes occupy distinct frequency 
bands) or a single-band power amplifier (where the dual modes 
occupy single, contiguous, or closely placed distinct bands) , 
and an adjustable bandpass filter. The switch may be used to 
select either narrowband or spread- spectrum modulation, or may 
be used to select one of a plurality of frequency bands for 
transmission. If narrowband mode is selected, a narrowband 
modulator modulates an input signal, combines it with a 
carrier frequency generated by the tunable frequency 
synthesizer, and provides an output to the power amplifier and 
the adjustable bandpass filter for transmission. If spread- 
spectrum mode is selected, the input signal is provided to a 
spread-spectrum modulator for generating a spread- spectrum 
signal. The spread- spectrum signal is combined with a carrier 
frequency generated by the tunable frequency synthesizer and 
provided to the power amplifier and the adjustable bandpass 
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filter for transmission. The adjustable bandpass filter may 
be tuned, and the power amplifier switched, where distinct, 
offset frequencies are employed for the two operating modes. 

The invention may also be embodied as a receiver 
generally comprising a switch, a tunable -frequency 
synthesizer, a tunable bandpass filter, a preamplifier, a 
frequency converter, an IF amplifier, and one or more 
demodulators. The receiver generally operates in reverse 
fashion from the transmitter, whereby the mode select switch 
is used to select between narrowband or spread- spectrum 
reception. If in narrowband mode, the adjustable bandpass 
filter may be adjusted to a narrow bandwidth for passing a 
received narrowband signal, while in a spread- spectrum mode 
the adjustable bandpass filter may be adjusted to a wide 
bandwidth for passing a received spread- spectrum signal. The 
bandpass filter also is tunable, where different frequencies 
are utilized for distinct modes, and the preamplifier may also 
be switch selected or tuned to the appropriate band where the 
dual modes employ distinct, separated frequency band. The 
received signal is converted to an IF signal using a local 
oscillator signal from the tunable -frequency synthesizer, and 
the IF signal is demodulated by either the spread- spectrum 
demodulator or the narrowband demodulator depending on the 
chosen mode . 

The invention further provides in another aspect a 
dual -band spread- spectrum modulator which uses a single, 
relatively narrow, synthesizer to serve two operating 
frequency bands. In the lower frequency band, the synthesizer 
may operate in a high- side injection mode, while in the higher 
frequency range, the synthesizer may operate in a low- side 
injection mode. In one embodiment, the lower frequency range 
may comprise about 1850 to 1990 megahertz, while the higher 
frequency range may comprise about 2400 to 2483.5 megahertz. 
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Additional objects and advantages of the invention 
will be set forth in part in the description which follows, 
and may be obvious from the description or learned by practice 
of the invention. The objects and advantages of the invention 
also may be realized and attained by means of the 
instrumentalities and combinations particularly pointed out in 
the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of the specification, illustrate 
preferred embodiments of the invention, and together with the 
description serve to explain the principles of the invention. 

FIG. 1 is a block diagram of a spread- spectrum 
communication transmitter and receiver; 

FIG. 2 is a block diagram cf a dual -mode transmitter 
according to the invention; 

FIG. 3 is a block diagram of a dual -mode receiver 
according to the present invention; 

FIGS. 4 and 5 are illustrations comparing exclusion 
zones around a microwave beampath; 

FIG. 6 is a diagram of triangular cells arranged in 
a grid pattern; 

FIG. 7 is a diagram of a triangular cell; 

FIGS. 8 and 9 are diagrams showing an allocation of 
frequency bands; 

FIG. 10 shows a dual -mode spread-spectrum modulator 
with two frequency bands; 

FIG. 11 shows a programmable frequency generator; 

FIG. 12 is a block diagram showing an alternative 
embodiment of a transmitter using a single frequency 
synthesizer for communicating over a plurality of frequency 
bands ; 

FIG. 13 is a block diagram showing another 
alternative embodiment of a transmitter using a single 
frequency synthesizer for allowing communication over a 
plurality of frequency bands; 
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FIG. 14 is a block diagram of a receiver using a 
single frequency synthesizer for demodulating signals that may 
be sent over more than one frequency band; 

FIG. 15 is a diagram of frequency bands and sub- 
bands illustrating frequency pairs that may be generated by 
the transmitters shown in Figs. 11, 12 or 13; 

FIGS. 16-1 to 16-6 are data rate and transmission 
charts for an embodiment of a DBCS system; 

FIG. 17 is a diagram of an embodiment of a DBCS 
architecture ; 

FIGS. 18 -la and 18 -lb document the formation of a 
sample 600 channel SSB-SC FDM baseband signal; 

FIG. 18-2a and 18-2b are block diagrams of 
embodiments of a terminal transmitter and receiver; 

FIGS. 18-4a, 18-4b, 18-5, 18-6, 18-8 and 18-9 are 
exclusion zone plots; 

FIGS. 18-4c and 18-4d are OFS tower to mobile signal 
strength charts; 

FIG. 18-7 is a sample link outage time/reliability 

chart ; 

FIG. 19-1 diagrams possible access service 
interfaces ; 

FIG. 19-2 diagrams an embodiment of a PCS 
architecture; 

FIGS. 20-1 and 20-4 are propagation coefficient 

charts ; 

FIGS. 20-2 and 20-3 are frequency reuse factor 

charts; 

FIG. 21-1 is an exclusion range chart; 
FIGS. 21-3, 21-4, 21-5, and 21-6 are data rate 
charts; and 

FIG. 21-7 is a self -interference diagram. 

DESCRIPTION O F THE PREFERRED EMBODIMENTS 
Reference will now be made in detail to the present 
preferred embodiments of the invention, examples of which are 
illustrated in the accompanying drawings, wherein like 
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reference numerals indicate like elements throughout the 
several views. The disclosure of the invention may be 
supplemented by the contents of technical information appended 
to this specification in a technical appendix section. No 
5 admission is made as to possible prior art effect of any part 
of the technical appendix section. 

Modern and proposed cellular telephone systems 
currently utilize high power, frequency, time, and/or code 

10 division multiplexed narrowband radio frequency communication 
techniques in conjunction with large cells to establish and 
maintain telephone communications. With the growing 
popularity of these systems, increased user capacity is 
required within a geographical area . One approach to 

15 providing increased capacity is microcells, which utilize 

comparatively much smaller cells as well as low power radio 
frequency techniques. 

Traditional cellular systems have proven to be 

20 highly capital intensive in base station installations, on the 
order of several hundred thousand dollars per cell site, and 
therefore demand high operational and access fees. Proposed 
microcell systems would require a much lower capital 
investment per cell at a small fraction of cellular site 

25 installation cost, such that shop owners and other small 

operators could have a cell site easily instilled on their 
premises. Microcells potentially may be located in public 
access areas, airports, restaurants, shopping malls, banks, 
service stations, etc., as well as commercial or office 

30 facilities (utilizing wireless PBX, centrex, or key systems) , 
and residential sites. A microcell user, thus, could utilize 
the same handset at home, in the office, or at most other 
public places where he or she typically would need access to 
telephone communications, in a cost effective way, and 

3 5 maintain a single telephone number. Public operational and 

access charges to the user could then be much lower, likely on 
the order of pay phone charges per call, not per minute. 
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A disadvantage of microcellular systems is their 
potential lack of incoming call accessibility. Potentially, 
one cannot place a call into the system to the remote user. 
Studies have been performed, however, that estimate that up to 
80% of all calls made in traditional cellular systems are from 
the user outbound from the microcell user, and not inbound to 
the user. Even with no inbound access to the wireless 
microcell user, a potentially large market exists which has 
little need for incoming access, where users would be willing 
to surrender incoming call access for the savings of a 
microcellular pager in the microcell handheld unit, which can 
provide for a level of incoming access to the user in the 
public environment . 

Another disadvantage of microcells is practical 
handoff capabilities from cell to cell. Since the cells in a 
microcell system are small, the system becomes impractical to 
use from a moving vehicle since the user potentially could be 
passing through cells every few seconds, making handoff s 
impractical. Microcellular systems may be designed such that 
there is no handoff capability between cells, which would 
provide for a wireless pay phone type of system. Since 
microcells are so small, system use in remote areas would be 
impractical due to the number of cell installations necessary 
to provide complete coverage . 

The present invention provides, in one embodiment, a 
dual -mode transmitter and receiver which achieves advantages 
of both systems, i.e. the range and mobility of traditional 
cellular, and the low cost of microcellular. The dual -mode 
transmitter and receiver include a dual -mode cordless 
telephone which has as its first mode operational capabilities 
which allow cellular functionality, and a second mode which 
allows for microcellular operation. Functionality in the 
first, or cellular, mode includes a relatively high power 
cellular telephone employing analog or digital voice 
techniques in conjunction with frequency, and/or time division 
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traditional narrowband radio techniques. Functionality in the 
second, or microcellular , mode includes a low power 
microcellular telephone using digital voice techniques in 
conjunction with frequency, time and/or code division spread 
spectrum radio techniques, where the cellular and 
microcellular functions either share the same frequency bands, 
or are offset from each other. 

Figure 1 shows a block diagram of a spread- spectrum 
communication transmitter and receiver. 

A spread- spectrum transmitter 1 comprises an input 
port 2 for input data 3, a chip sequence transmitter generator 
4, and a transmitting antenna 5 for transmitting a spread- 
spectrum signal 6. A spread-spectrum receiver 7 comprises a 
receiver antenna 8, a chip sequence receiver generator 9, and 
-an output port 10 for output data 11. A chip sequence 12 may 
be identically generated by both the transmitter generator 4 
and the receiver generator 9, and appears essentially random 
to others not knowing the spreading code upon which it is 
based. The spread- spectrum signal 6 may have a spreading 
bandwidth which exceeds the bandwidth of the input data 3 . 
The spread- spectrum signal 6 may also be modulated onto a 
communication channel having a center frequency, with the 
center frequency and the spreading bandwidth substantially 
defining a communication channel. The communication channel 
may also have a known signal dropoff for energy outside the 
limits of the channel. An extensive discussion of spread- 
spectrum communication, spreading codes, and chip sequences, 
may be found in R. Dixon, SPREAD- SPECTRUM SYSTEMS (2d ed. 
1984) . 

In the exemplary arrangement shown in Fig. 2, a 
dual -mode transmitter in accordance with various aspects of 
the present invention is shown comprising an antenna 109, a 
mode controller 103, a mode select switch 104, transmitter- 
information processing means 101, a tunable -frequency 
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synthesizer 105, a chip-code generator 107, a spread -spectrum 
modulator 111, a narrowband modulator 113, a power amplifier 
115, and an adjustable bandpass filter 117. The transmitter- 
information means may be embodied as an information device 
101. The information device 101 may include source encoders 
such as Golay encoders, error correction coding, analog- to- 
digital converters, etc. 

The spread- spectrum modulator 111 is coupled to the 
information device 101 through mode select switch 104, the 
tunable -frequency synthesizer 105 and the chip- code generator 
107. The narrowband modulator 113 is coupled to the 
information device 101 through mode select switch 104, and the 
tunable -frequency synthesizer 105. The power amplifier 115 is 
coupled to the mode controller 103, the spread- spectrum 
modulator 111 and the narrowband modulator 113. The 
adjustable, tunable, bandpass filter 117 is coupled to the 
antenna 109, the power amplifier 115 and the mode controller 
103 . 

Narrowband or spread-spectrum modulation is selected 
using the mode controller 103. The information device 101 
processes the input information signal, while the tunable- 
frequency synthesizer 105 generates a carrier signal, and the 
chip-code generator 107 generates a chip-code signal. 

The mode controller 103 controls a mode select 
switch 104 which directs the processed information signal to 
the narrowband modulator 113 or the spread- spectrum modulator 
111. The spread- spectrum modulator 111 modulates the carrier 
with the processed information signal and the chip-code signal 
as a spread- spectrum signal, when the mode select switch 104 
has been selected for spread-spectrum modulation. The 
narrowband modulator 113 modulates the carrier with the 
processed information signal as a narrowband modulated signal, 
when the mode select switch 104 is selected for narrowband 
modulation. 



WO 96/06490 



PCT/US95/10387 



13 

When the mode controller 103 is set to narrowband 
modulation, the power amplifier 115 amplifies the narrowband 
modulated signal. Where the dual modes function in distinct 
frequency bands, the power amplifier 115 may either be 
wideband enough to function in both bands, or may be 
adjustable to function in the band pertaining to the mode in 
operation, with mode controller 103 controlling its operation 
accordingly. When the mode controller 103 is set to spread- 
spectrum modulation, the power amplifier 115 amplifies the 
spread- spectrum signal. Similarly, with a narrowband 
modulation setting of the mode controller 103, the adjustable 
bandpass filter 117 has a bandwidth adjusted to a narrow 
bandwidth and corresponding frequency for passing the 
narrowband modulated signal. With a spread- spectrum setting 
of the mode controller 103, the adjustable bandpass filter 117 
has a bandwidth adjusted to a wide bandwidth and corresponding 
frequency for passing the spread- spectrum signal. 

The present invention, as illustrated in Fig. 3, 
also includes an embodiment as a dual -mode receiver. The 
dual-mode receiver may comprise a mode controller 103, a 
tunable -frequency synthesizer 105, a chip-code generator 107, 
an antenna 109, an adjustable bandpass filter 117, a 
preamplifier 205, a frequency converter 209, an IF amplifier 
211, a mode select switch 104, a spread- spectrum despreader 
215, a spread- spectrum demodulator 217, a narrowband 
demodulator 213, and receiver- information processing means. 
The receiver- information means is embodied as a receiver- 
information processing device 219. The adjustable bandpass 
filter 117, is coupled to the antenna 2 01 and to the mode 
controller 103. The preamplifier 205 is coupled to the 
adjustable bandpass filter 117 and to the mode controller 103. 
The frequency converter 209 is coupled to the preamplifier 205 
and the tunable -frequency synthesizer 105. The IF amplifier 
211 is coupled to the frequency converter 209. The spread- 
spectrum despreader 215 is coupled to the chip-code generator 
107 and through the mode select switch 104 to the IF amplifier 
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211. The spread- spectrum demodulator 217 is coupled to the 
spread- spectrum despreader 215. The narrowband demodulator 
213 is coupled through the mode controller 103 to the IF 
amplifier 211. 

As with the dual -mode transmitter of Fig. 2, the 
mode controller 103 is used to select reception of narrowband 
or spread- spectrum modulation. The tunable -frequency 
synthesizer 105 generates a local oscillator signal, and the 
chip-code generator 107 generates a reference chip-code signal 
for comparison with the received chip code signal. 

When the mode controller 103 is set to narrowband 
modulation, the adjustable bandpass filter 117 is adjusted to 
a narrow bandwidth and corresponding frequency for passing the 
narrowband modulated signal. With a spread- spectrum setting 
of the mode controller 103, the adjustable bandpass filter 117 
is adjusted to a wide bandwidth and corresponding frequency 
for passing the spread- spectrum signal. The preamplifier 205 
amplifies the filtered narrowband modulated signal when the 
mode controller 103 is set to the narrowband modulation 
setting, and amplifies the filtered spread- spectrum signal 
when the mode controller is set to the spread- spectrum 
modulation setting and is switch selectable to the appropriate 
band for each mode where the dual mode occupy non- contiguous 
or widely separated frequency bands. The frequency converter 
209 converts using the local oscillator signal, the filtered 
narrowband modulated signal and the filtered spread- spectrum 
signal to an IF signal. 

Figures 2 and 3 illustrate the implementation of a 
dual -band, dual -mode transmitter and receiver, respectively, 
for use in any narrowband application with capability to 
switch to a separate frequency band while employing spread 
spectrum modulation/demodulation in the alternate operating 
band. 
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Operation of the dual -band transmitter of Fig. 2 is 
as follows. Using transmitter- information processing device 
101, input information may be filtered, analog- to-digital 
(A/D) converted if required, as determined by the mode switch 
control, and applied to either a narrowband or spread spectrum 
modulation process. Narrowband modulation is employed in a 
narrowband mode and spread spectrum modulation employed in a 
spread- spectrum mode. In either mode, the modulated carrier 
is applied to the dual-band RF power amplifier 115. 

The tunable frequency synthesizer 105, which 
provides the proper carrier for either conventional narrowband 
or spread spectrum mode, is controlled by the mode switch 
controller 103, outputting only one of possibly many required 
transmit carrier frequencies for modulation at any one time. 

After amplification, the proper modulated carrier 
signal, either conventional narrowband or spread spectrum, is 
applied to an adjustable, tunable bandpass filter 117 and then 
to the antenna 109. The pass band and frequency of the 
adjustable bandpass filter 117 is selected by the mode 
controller 103 . This is necessary to meet transmission 
spurious signal level control standards. 

A single, dual-band antenna 109 then acts as a 
transducer to convert the electrical RF signal from the power 
amplifier 115 and adjustable bandpass filter 117 to an 
electromagnetic signal for propagation to the receiver. 

The mode controller 103 also controls the operation 
of a reference code generated by chip-code generator 107. The 
reference code is used as a spectrum-spreading function in the 
spread spectrum mode. The chip-code generator 107 would not 
operate in the conventional narrowband mode. 

This transmitter configuration is applicable to any 
desired dual mode system in which one mode is used in a 
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conventional narrowband system, such is cellular telephones, 
while a second mode is employed for communicating with a 
spread spectrum system. 

Receiver operation of the receiver in Fig. 3 is as 
follows. A received signal is converted by the antenna 109 
from an electromagnetic signal to an electrical signal . The 
antenna 109 may or may not be common to the transmitter. The 
received signal is then applied to an adjustable bandpass 
filter 117, which may or may not be common to the transmitter, 
and which is controller by the mode controller 103. The 
adjustable bandpass filter 203 selects the proper conventional 
narrowband or spread spectrum operating signal and passes it 
through a preamplifier 205, whose output is applied to a 
frequency converter 209. 

The other input to the frequency converter 20 9 is a 
local oscillator signal generated by a tunable frequency 
synthesizer 105 whose frequency in turn is controlled by the 
mode controller 103. The input signal is converted to an 
intermediate frequency (IF), which may be the same for either 
conventional narrowband or for spread spectrum signals. The 
receiver is assumed to be the superheterodyne type, and is 
illustrated as a single conversion receiver, but may also be 
implemented by a dual or multi -conversion superheterodyne 
receiver without a change in the overall system's operation. 

An output signal from the frequency synthesizer 105 
is multiplied with the amplified input signal from the 
preamplifier 205 selected by the input filter, in frequency 
converter 209 to produce the intermediate frequency signal. A 
tuned, fixed frequency IF amplifier 211 amplifies the received 
signal and applies it to a mode select switch 104 whose output 
is coupled to either the conventional narrowband signal 
demodulator 213 or the spread- spectrum signal despreader 215. 
The despreader 215 uses a reference code provided by the chip- 
code generator 107 to facilitate proper spread spectrum signal 
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selection and despreading. This reference code is controlled 
by the mode controller 103, and may be common to the 
transmitter shown in Fig, 2. 

The spread- spectrum despreader 215 despreads, using 
the reference chip-code signal, the IF signal as a digitally 
modulated signal. The spread-spectrum demodulator 217 
demodulates the digitally modulated signal as a digitally 
demodulated signal. The narrowband demodulator 213 
demodulates the filtered narrowband modulated signal as a 
demodulated signal. The receiver- information device 219 
processes the demodulated signal as an information signal. 

Spread spectrum signals, after being despread, are 
demodulated by a spread- spectrum demodulator 217, separate 
from the narrowband demodulator 213. This is necessary 
because of the difference in conventional signal information 
modulation of the carrier is typically analog FM, while spread 
spectrum signals may employ digital modulation and may be 
digital-to-analog (D/A) converted prior to processing. If the 
narrowband technique used employs digital modulation, a second 
narrowband D/A demodulator, similar to the spread spectrum 
demodulator, may be employed, or the spread spectrum 
demodulator may be eliminated and D/A demodulation, which may 
be identical for both narrowband and spread spectrum 
modulation, may be included as a function of the received 
information processor. 

After despreading, spread- spectrum demodulator 217 
output signals are processed, using receiver- information 
device 219, by filtering, digital-to-analog conversion, and 
amplification, as necessary, to convert it to a form that is 
usable to the information output destination. Processing is 
selected by the mode switch control 103. 

As in the transmitter of Fig. 2, more than two modes 
can be supported by the same general receiver configuration of 
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Fig. 3. This includes operation at multiple frequencies, use 
of multiple codes, multiple modulation formats, or time- 
sequential selection of operating mode. 

5 The following illustrate application of aspects of 

the present invention, for particular modulation schemes. 

One embodiment of the invention includes a telephone 
whose first mode comprises analog voice techniques and 

10 traditional cellular frequency division multiplexed operation 
employing, but not limited to, narrowband radio frequency 
modulation techniques, such as FM, and whose second mode 
comprises microcellular operation including, but not limited 
to, digital voice commanding and/or compression techniques 

15 coupled with spread spectrum radio frequency modulation, 

and/or time and/or frequency division multiplexing techniques, 
where the cellular and microcellular modes occupy common 
frequency bands. The microcellular mode also may include a 
paging function, which may utilize narrowband or spread 

2 0 spectrum technologies, and occupy frequency bands common to 
the cellular and microcellular modes, or may be offset from 
both or either, and may be independent of the unit's telephone 
functionality. 

2 5 Another embodiment of the invention includes a 

telephone whose first mode comprises cellular frequency 
division multiplexed operation employing, but not limited to, 
narrowband radio frequency modulation techniques, such as FM, 
coupled with digital voice commanding and/or compression 
30 and/or time division multiplexing techniques, and whose second 
mode comprises microcellular operation including, but not 
limited to, digital voice compendium and/or compression 
techniques coupled with spread spectrum radio frequency 
modulation, and/or time and/or frequency division multiplexing 

3 5 techniques, where the cellul ar and microcellular modes occupy 

common or distinct frequency bands. The microcellular mode 
may also include a paging function, which may utilize 
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narrowband or spread spectrum technologies, and may occupy 
frequency bands common to the cellular and microcellular 
modes, or may be offset from both or either, and may be 
independent of the unit's telephone functionality. 

It will be apparent to those skilled in the art that 
various modifications can be made to the described transmitter 
and receiver configurations without departing from the scope 
or spirit of the invention, and it is intended that the 
present invention cover modifications and variations of the 
techniques shown herein provided that they come within the 
scope of the appended claims and their equivalents. 

As previously noted with respect to Fig. l, a 
spread- spectrum signal 6 may have a spreading bandwidth which 
exceeds the bandwidth of the input data 3. The spread- 
spectrum signal 6 may also be modulated onto a communication 
channel having a center frequency, with the center frequency 
and the spreading bandwidth substantially defining a 
communication channel, and the communication channel may have 
a known signal dropoff for energy outside the limits of the 
channel. It has been found by the inventors that a particular 
set of selected values for the spreading bandwidth and the 
center frequency provide a substantial and surprising 
advantage when using spread-spectrum techniques for wireless 
communication. 



In particular, it has been found by the inventors 
that a spreading bandwidth of about 10 megahertz (MHz ) or less 
offers several advantages in spread- spectrum wireless 
communication. These advantages include: 

o minimizing interference with microwave communication 
users when transmitting in a microwave communication 
band such as the 1850--1990 MHz communication band; 
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o minimizing interference with, and maximizing 

compatibility with, cellular communication users 
when transmitting in a cellular communication band 
such as the cellular communication bands near 800- - 
900 MHz and other cellular communication bands; 

o mitigating the effect of frequency- selective fading 
when transmitting using a spread- spectrum technique; 

o allowing the same spread- spectrum technique to be 

used in other communication bands, such as the 902 -- 
928 MHz band and the 2400- -2483. 5 MHz band; and 

o other and further advantages which are detailed in, 
and which would appear from, the technical appendix 
section to those of ordinary skill in the art, after 
perusal of the specification, drawings and claims. 

Using a 10 MHz or smaller band for spread spectrum 
communication when transmitting within a microwave 
communication band (such as the 1850- -1990 MHz communication 
band) minimizes interference with microwave communication 
users in several ways. As a general matter, interference 
avoidance is a function of both geography and frequency 
selection. Typically, microwave communication is directed 
over a beampath between a microwave transmitter and receiver. 
Because microwave stations provide critical services such as, 
for example, controlling the nation's electric power grid, the 
possibility of inadvertent disruption of such services 
extremely serious. Accordingly, government regulations 
typically require that microwave stations such as licensed OFS 
receivers cannot be required to tolerate more than a set level 
(e.g., 1 dB) of interference in their areas of operation- 
Users of the microwave frequency bands within the geographic 
area of licensed microwave stations therefore cannot operate 
in a zone which would cause more than 1 dB of interference to 
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the microwave station. This zone may be referred to as an 
exclusion zone. 

Figures 4 and 5 show examples of exclusion zones for 
a specific traditional narrowband communication technique as 
compared to a specific type of spread spectrum communication 
technique. Figure 4 compares the size of exclusion zones 331 
and 332 around a microwave beampath 330 under a theoretical 
freespace loss model. As can be seen in Fig. 4, the exclusion 
zone 3 32 for narrowband communication may be far larger than 
the exclusion zone 331 for spread spectrum communication. It 
can also be seen that the exclusion zones 331 and 332 extend 
farthest in the direction of the beampath 330. With respect 
to other directions, the exclusion zones 331 and 332 extend 
relatively farther out at 90 degrees to the beampath 33 0, but 
are relatively closer, for example, in the direction opposite 
the beampath 330 and at various other angles as depicted in 
Fig. 4. 

In a similar manner, Fig. 5 compares the size of 
exclusion .zones 341 and 342 around a microwave beampath 340 
under a HATA loss model (median city suburban assumption) . 
The exclusion zones 341 and 342 for Fig. 5, although derived 
from a different loss model, are similar in shape to those of 
Fig. 4. 

Because of the particular shape of the exclusion 
zones 331, 332, 341 and 342 (as illustrated in Figs. 4 and 5), 
minimizing interference with microwave communication users may 
potentially be achieved by avoidance of the microwave beampath 
330 or 340. It has thus far, however, been unappreciated that 
OFS avoidance is more difficult for signals, be they 
narrowband or spread spectrum signals, exceeding 10 MHz in 
bandwidth or extending over multiple OFS bands. The reason 
for such difficulty stems from the fact that approximately 94 
percent of all OFS links are 10 MHz links. Thus, while it 
might be possible to select a 10 MHz band on which to transmit 
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so as to interfere with at most only a single 10 MHz OFS link, 
any signal wider than 10 MHz could potentially interfere with 
at least two and possibly more OFS links. This problem is 
exacerbated by the fact that, in and around many urban areas, 
OFS microwave beampaths of different frequency bands may not 
necessarily be parallel but may intersect in a variety of 
patterns. Thus, the existing geographic pattern of microwave 
links in most major cities would necessitate that, in many if 
not most cells (in the case of a cellular system) , any signal 
wider than 10 MHz transmitted in microwave frequency bands 
would interfere with the beampath of more than one microwave 
station no matter how much frequency avoidance was employed. 

In contrast, the present invention provides in one 
embodiment means for avoiding or minimizing interference with 
existing OFS links by selection of a particular frequency 
bandwidth for spread spectrum communication. In particular, 
this aspect of the present invention provides for a spread 
spectrum communication bandwidth that is 10 MHz or less in 
size. Given a known allocation of frequency bands for OFS 
users, the present invention in one embodiment allows for 
selection of a 10 MHz or smaller band for spread spectrum 
communication so as to avoid the beampath of existing fixed 
microwave users or, in the worst case, to potentially 
interfere with only a single microwave communication user. 
For example, if the selected band for spread spectrum 
communication is coextensive with or entirely within the 
bandwidth of a known 10 MHz OFS link, then, because OFS 
channels are frequency multiplexed, the spread spectrum 
communication signal can interfere with at most the one known 
10 MHz link. Further, the spread spectrum transmitter 1 can 
be geographically located so as to minimize or avoid 
interference with that existing OFS link. 

Another way in whigh aspects of the present 
invention minimize interference with microwave communication 
users is by using a spread spectrum signal for communication. 
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A spread- spectrum signal with its noise-like characteristics 
creates much less interference than a narrowband signal of 
comparable power. Approximately 83% of all OFS links use 
analog microwave systems which are highly susceptible to 
narrowband interference. The maximum allowable interference 
to a microwave receiver is commonly defined by the TSB10E 
standard as only a 1 dB rise in the receiver's noise 
threshold. A 10 MHz bandwidth spread spectrum signal may 
result in 1/100 (20 dB) less interference to an OFS receiver 
compared with a similar power 100 KHz bandwidth narrowband 
signal. The difference in interference is illustrated, for 
example, in Figs. 4 and 5. Figure 4 compares the exclusion 
zone 33 2 (assuming a 2 GHz microwave transmitter having a 
directional antenna at a height of 200 feet) of a 100 KHz 
narrowband signal with the exclusion zone 331 of a 10 MHz 
spread spectrum signal using a theoretical freespace loss 
model. The narrowband exclusion zone is 30 to 100 times 
larger than the spread spectrum exclusion zone. Figure 5 
shows a similar comparison using a HATA loss model (median 
city suburban assumption) . 

A further advantage of using a 10 MHz or smaller 
spread spectrum communication bandwidths is that it provides 
an easy migration path into the existing bands of OFS users if 
the OFS users can be relocated to another band. 

Information relating to construction of a spread- 
spectrum communication system using a 10 MHz or less spreading 
bandwidth and having known center frequencies may be found in 
detail in the technical appendix section. The specification, 
drawings, claims, and the technical appendix, in combination, 
contain a written description of the invention, and the manner 
and process of making and using it, in such full, clear, 
concise and exact terms as to enable any person skilled in the 
art to make and use the same. 
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For example, a spread spectrum system for 
communicating over a 10 MHz or smaller frequency band may be 
part of a cellular network. The system may comprise a 
plurality of base stations 381 arranged in an approximately 
triangular grid 3 83 covering a service area, as shown in Fig. 
6. Regions surrounded by three base stations 381 may comprise 
triangular cells 380. Each base station 381 may consist of 
six transmitters, each separately driving a 60° sector 
antenna. For aesthetic reasons, conformal mount, flat 
antennas mounted on the sides of buildings may be used in some 
areas where obtaining zoning for tower mounted antennas is 
difficult or economically undesirable. Although not required, 
the frequency of each transmit sector can be different if 
necessary to minimize interference with existing OFS and PCS 
services. The data transmission rate may be independently set 
from cell to cell; that is, different sectors of a base 
station may transmit at different rates. 

A triangular service cell 380 is shown in Figure 7. 
Three base stations 3 81 having transmitters form the corners 
of the triangular service cell 380. The base stations 381 
send high speed data using appropriate 60° antennas and may 
also use different spreading codes and/or different 
frequencies; Because different frequencies may be used, the 
described system allows for OFS frequency avoidance on a cell 
sector by cell sector basis. Within the data stream, block 
interleaving and convolutional encoding may also be used to 
further mitigate fading and interference effects. An 
additional low rate base state/sector identifier data stream, 
unique to each transmitter, is employed to facilitate mobile 
unit location determination and data transmission query 
processing. 

In one configuration, the data on the outbound 
transmission in each triangular cell 380 may be different. 
Because each transmitter can also use a different spreading 
code, at a receiver 3 82 the signals can be separated and 
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processed independently prior to data system combining. As 
shown in Fig. 7, the receiver 3 82 within a triangular cell 380 
may be in a position to receive signals from at least three 
base stations 381. The receiver 382 independently despreads 
5 the three signals, performs soft decision data demodulation, 
and combines the data streams prior to convolutional decoding. 
Code based, variable delays may be introduced to synchronize 
data streams prior to combining. 



10 The base stations 381 may be synchronized using a 

global positioning system. By including base station position 
in the data stream, a user can determine his or her location 
to an accuracy of about 3 0 feet by measuring pseudorange to 
each of the three transmitters located at the base stations 

15 381. The user can also obtain timing information within an 
accuracy of about 3 0 to 10 0 nanoseconds. 



The above described system employing triple 
transmission and spread spectrum communication has several 

20 important advantages. The system significantly reduces 

sensitivity to signal shadowing effects caused by buildings, 
hills, and similar obstacles. The system mitigates multipath 
fading effects and enhances error correction coding 
performance. Further, if interference is encountered at one 

25 frequency, a signal may be transmitted at a different 

frequency by one of the other two base stations 3 81 of the 
triangular cell 380. Also, the system architecture reduces 
required transmit power and, consequently, reduces the 
potential for OFS interference. Low power transmitters (e.g., 

3 0 as low as 10 0 mW) may be used in regions where OFS 
interference exists . 



When base stations 3 81 are located close together, 
the maximum data transmission rate is determined primarily by 
35 mutual interference considerations, while at wider separations 
of base stations 381, the data transmission rate is limited by 
noise. Even in kreas near an OFS user on the same frequency, 
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a triangular grid of transmitters 1 to 2 km apart may provide 
600 kbit/s raw data rate at a bit rate error of 10" 6 . A 
compact receiver may be capable of combining multiple 
simultaneous 1.5 Mbit/s transmissions in a single contiguous 
10 MHz band of shared spectrum. The receiver may have the 
option of selecting any of the available transmission 
frequencies based on local propagation characteristics and 
received S/ (1+N) . A user experiencing good quality reception 
may request a higher data rate if total traffic warrants. 

The system for transmitting spread spectrum signals 
over a 10 MHz bandwidth may employ time division multiplexing 
or duplexing in order to separate users. Time separation 
avoids interference problems, as the interference in any 
single time slot is simply that created by a single user. 
Thus, multiple users could share the same 10 MHz bandwidth 
while creating the interference of only a single continuous 
user. In contrast, in other systems the aggregate 
interference per cell typically rises proportionally with the 
number of users leading to interference problems with OFS and 
other users sharing the electromagnetic spectrum. Time 
division multiplexing or duplexing may be combined with 
frequency division multiplexing or duplexing in order to 
increase the number of separate users. 

Another aspect of the invention relates to a 
technique for spread-spectrum communication which uses more 
than one frequency band, particularly frequency bands 
including the 902--928 MHz, 1850--1990 MHz, and 2.4--2.4S35 
GHz frequency bands. As noted above, the spread- spectrum 
signal 6 may be modulated onto a communication channel . The 
communication channel may be selected from frequencies in one 
of a plurality of frequency bands, including the 902 --928 MHz, 
1850--1990 MHz, and 2.4--2.4S35 GHz frequency bands, and 
including the 1910--193 0 MHz frequency band or other future 
unlicensed frequency bands, or other designated frequency 
bands . 
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In this aspect of the invention, a spreading 
bandwidth of 10 MHz may be used, or a different spreading 
bandwidth which may be more or less than 10 MHz. A different 
spreading bandwidth may be used from time to time; a different 
5 spreading bandwidth may be used for communication in different 
frequency bands, or for different uses. 

In a preferred embodiment, the invention provides 
for changing the frequency band onto which the spread- spectrum 
10 signal 6 is encoded upon a change in environment or other 
control trigger. For example, the 902--928 MHz and 2.4-- 
2.4 83 5 GHz bands may be used for private access spread - 
spectrum communication, such as with a PBX, PABX, residential 
telephone, key system, Centrex system, or other related 
15 system, while the 1850--1990 MHz band may be used for public 

access spread- spectrum communication, such as public telephone 
access. In a preferred embodiment, a spread- spectrum 
transmitter 1 may be embodied in a handset 13 and may 
dynamically switch from one frequency band to another based on 
20 whether it is able to access a local PBX or PABX 14 via 

spread- spectrum communication. In particular, the handset 13 
may be capable of switching between the 1850--2200 MHz band 
and the 2400- -2485 MHz band, or between two sub-bands within 
those bands. In place of the PBX or PABX 14, a related system 
25 such as a residential telephone, key system, or Centrex system 
may be readily substituted. Alternatively, the transmitter 1 
may dynamically switch from one frequency band to another 
based on local propagation characteristics and received 
S/ (1+N) . 

30 

Figure 8 shows one possible scheme for dividing the 
1850--1990 MHz and 2400--2485 MHz bands into sub-bands of 10 
MHz or 5MHz each. A first bandwidth 4 00 comprising 
frequencies from 1850- -1930 MHz may be divided into sub-bands 
35 402 of 10 MHz or 5 MHz each. Thus, if the first bandwidth 400 
is divided into sub-bands 4 02 of 10 MHz , then eight channels 
could be provided, while if divided into sub-bands 4 02 of 5 
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MHz, then sixteen channels could be provided. Likewise, a 
second bandwidth 405 comprising frequencies from 2400- -2480 
MHz may be divided into sub-bands 4 06 of 10 MHz or 5 MHz each. 
A dual mode phone 410 provides access to a select one of the 
5 plurality of sub-bands 4 02 in the first bandwidth 400, and may 
be switched to provide access to a select one of the plurality 
of sub-bands 406 in the second bandwidth 405. 

While transmitting in a sub-band 4 02 within the 
10 first bandwidth 400, which comprises licensed frequency band 
to which OFS users would have access, the dual mode phone 410 
may transmit using spread spectrum communication taking 
advantage of CDMA and/or TDMA methods in order to minimize 
interference with OFS microwave users. If no OFS user is 
15 present, the dual mode phone 410 may of course transmit using 
conventional narrowband techniques. While transmitting in a 
sub-band 4 06 within the second bandwidth 4 05, which comprises 
unlicensed frequencies available to PCS systems such as PBX, 
Centrex or other systems, the dual mode phone 410 may transmit 

2 0 using spread spectrum communication taking advantage of CDMA 

and/or TDMA methods in order to minimize interference with 
existing users, if any, or may transmit using conventional 
narrowband techniques. Thus, the same dual mode phone 410 may 
access a cellular system, for example, in a first bandwidth 
25 400 but, by operation of a switch, may access a private access 
network such as a PBX or Centrex in a second bandwidth 405. 

Figure 9 shows a similar scheme for communicating in 
either one of two different frequency bands. 

30 

Information relating to construction of a spread- 
spectrum communication system which uses more than one 
frequency band, particularly frequency bands including the 
902--928 MHz, 1850--1990 MHz, and 2.4--2.483S GHz frequency 

3 5 bands may be found in detail in the technical appendix 

section, as well as in the description set forth earlier 
herein. The specification, drawings, claims, and the 
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technical appendix, in combination, contain a written 
description of the invention, and the manner and process of 
making and using it, in such full, clear, concise and exact 
terms as to enable any person skilled in the art to make and 
use the same . 

For example, Fig. 10 shows a dual -mode spread- 
spectrum modulator with two frequency bands. The dual -band 
spread- spectrum modulator uses a single, relatively narrow, 
synthesizer to serve two operating frequency bands . In the 
lower frequency band, the synthesizer may operate in a high- 
side injection mode, while in the higher frequency range, the 
synthesizer may operate in a low-side injection mode. In a 
preferred embodiment, the lower frequency range may comprise 
about 1850 to 1990 megahertz, while the higher frequency range 
may comprise about 2400 to 2483.5 megahertz. 

The operation of the device shown in Fig. 10 will 
now be explained in more detail. A first frequency source 4 01 
may generate a first frequency fl 402, while a second 
frequency source 403 may generate a second frequency f2 404. 
The first frequency fl 4 02 and the second frequency f2 4 04 may 
be coupled to a multiplier 4 05, which may generate a bimodal 
signal 406 with a frequency distribution over two . frequency 
ranges fL 407 and fH 408. In a preferred embodiment, the 
lower of the two frequencies fL 407 (fL « fl - f2) may range 
from about 1850 to 1990 megahertz, while the higher of the two 
frequencies fH 408 (fH = fl + f2) may range from about 2400 to 
2483.5 megahertz. When one of the two frequencies fl and f 2 , 
e.g., f2 is chosen between the two ranges, e.g., about 2200 
megahertz, the other frequency, e.g., f l .may be chosen between 
about 300 and 440 megahertz. 

The bimodal signal 4 06 may be coupled to a binary 
encoder 409, for encoding a data stream 410. The data stream 
410, comprising a sequence of data bits 411, may be coupled to 
the binary encoder 4 09, which may generate a first frequency, 
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e.g., fL 407, when a data bit 411 in the data stream 410 is a 
"0" bit, and may generate a second frequency, e.g., fH 408, 
when a data bit 411 in the data stream 410 is a "1" bit. 

5 The present invention also provides for monitoring a 

frequency in each band (or transmitting to a frequency in each 
band) at once, because both (fl + f2) and (fl - f2) can be 
stepped down to the same intermediate frequency with a single 
local oscillator. When the intermediate frequency is 260 MHz 

10 and the local oscillator is set to 2180 MHz, the present 
invention allows operation at both 1920 MHz and 2440 MHz. 
When the local oscillator is set 10 MHz greater, the present 
invention then allows operation at both 193 0 MHz and 24 5 0 MHz, 
i.e., two frequencies each 10 MHz greater. Thus, for paired 

15 frequencies, the present invention allows reception or 
transmission on either frequency (or both) in the pair. 

Figure 11 shows a programmable frequency generator. 

20 A reference frequency signal 501 may be coupled to a 

multiplier 502. The multiplier 502 may generate a signal f (s) 
503, which may be coupled to a voltage-controlled oscillator 
(VCO) 504. The VCO 504 may be coupled to an output node 505, 
which provides an output frequency signal 506, and may also be 

25 coupled in a feedback configuration to the multiplier 502 by 
way of a programmable divide-by-N counter 507. The 
programmable divide-by-N counter 508 may be programmed by a 
set of control lines 509. In one embodiment, the divide-by-N 
range of the programmable divide-by-N counter 507 comprises 23 

30 steps, from 205 to 234. 

Figure 12 is an alternative embodiment of a 
transmitter using a single frequency synthesizer for 
communicating over a plurality of frequency bands. In Fig. 
35 12, an incoming data stream 601 to be modulated is provided to 
a spread spectrum encoder 6 02, which encodes the data stream 
601 and outputs a * spread spectrum signal 605. The spread 
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spectrum encoder 602 may encode the data stream 601 by- 
modulating it with a PN code, or by employing an M-ary spread 
spectrum technique. The spread spectrum signal 605 is 
connected to a modulator 609. A carrier signal having a 
frequency fl is generated from a signal source 6 03 and is also 
connected to modulator 609. Modulator 609 outputs a modulated 
spread spectrum signal 607. 

The modulated spread spectrum signal 607 is 
connected to another modulator 610. A frequency synthesizer 
606 (e.g., such as shown in Fig. 11) generates a programmable 
frequency signal 608, which is also connected to the modulator 
610. The programmable frequency signal 608 has a center 
frequency of fn, which may be programmed by control lines 509 
such as shown, for example, in Fig. 11. Modulator 610 outputs 
a bimodal signal 611 having frequency components at 
frequencies fl + fn and fl - fn. 

The bimodal signal 611 is connected to a wideband 
amplifier 615. The wideband amplifier 615 is controlled by a 
band select signal 616, which causes the wideband amplifier 
615 to perform at an operating point tailored for either the 
frequency fl + fn or the frequency fl - fn. An output of the 
wideband amplifier 615 is connected to two bandpass filters 
619 and 620. One bandpass filter 619 has a center filtering 
frequency of fl + fn, and the other bandpass filter 620 has a 
center filtering frequency of fl - fn. The first bandpass 
filter 619 passes the portion of the amplified signal having 
frequency components at fl + fn while attenuating the 
frequency components at fl - fn, and the second bandpass 
filter 62 0 passes the portion of the amplified signal having 
frequency components at frequency fl - fn while attenuating 
the frequency components at frequency fl + fn. Bandpass 
filter 619 outputs an output signal 622 having a frequency fl 
+ fn, while bandpass filter 620 outputs an output signal 623 
having a frequency fl - fn. 
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Thus, the Fig. 12 transmitter allows generation and 
transmission, using a single frequency synthesizer 606, of a 
signal in either or both of two frequency bands, wherein the 
frequency fl + fn lies in one frequency band and the frequency 
fl - fn lies in the other frequency band. Figure 15 is a 
diagram of frequency bands and sub-bands illustrating 
frequency pairs that may be generated for a selected f 1 and 
fn. In Fig. 15, a pair of frequency bands F H and F L are each 
divided into a plurality of sub-bands 750. The higher 
frequency band F H is divided into sub-bands SBH1 , SBH2 , . . . SBHN, 
while the lower frequency band F L is divided into sub-bands 
SBL1, SBL2 , . . . SBLN . The sub -bands SBH1 . . . SBHN and SBL1 . . . SBLN 
are paired, with the highest of the sub-bands SBH1 in the high 
frequency band F H paired with the lowest of the sub-bands SBL1 
in the low frequency band F L , the second highest of the sub- 
bands SBH2 in the high frequency band F H paired with the second 
lowest of the sub-bands SBL2 in the low frequency band F L , and 
so on, until the lowest of the sub-bands SBHN in the high 
frequency band F H is paired with the highest of the sub-bands 
SBLN in the low frequency band F L , thereby resulting in 
frequency pairs PAIR-1, PAIR-2 , . . . PAIR-N . The high frequency 
band F H may comprise all or a portion of the band ranging from 
1850 MHZ to 1990 MHZ, while the low frequency band F L may 
comprise all or a portion of the band ranging from 2.4 MHZ to 
2.485 MHZ . The sub-bands SBH1 . . . SBHN and SBL1 . . . SBLN need not 
be contiguous within each of the main frequency bands F L and 
F„. 

In operation, the programmable frequency synthesizer 
606 is programmed to select a frequency fn, preferably 
selected from one of a discrete group of N frequencies 
corresponding to the frequency pairs PAIR-1, PAIR-2 PAIR-N. 
The largest selected fn allows operation over the frequency 
sub-band pair denoted PAIR-1, while the smallest selected fn 
allows operation over the frequency sub-band pair denoted 
PAIR-N, with the frequency selections for fn between the 
smallest and largest values of fn corresponding to frequency 
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pairs PAIR-2 through PAIR- (N-l) . Thus, by changing the 
frequency fn in discrete steps, the transmitter of Fig. 12 can 
be operated over a different pair of frequency sub-bands 750. 

5 While the Fig. 12 embodiment is described with the 

frequency fl greater than frequency fn, it is also possible to 
have frequency fn be greater than frequency fl. In such a 
case, the relative frequency difference between the higher 
frequency signal at a frequency fn + fl and the lower 
10 frequency signal at a frequency fn - fl will be a constant 

2-fl as the frequency fn is varied according to control lines 
50 9 or other programming means. 

Figure 13 is another embodiment of a transmitter 

15 using a single frequency synthesizer for allowing 

communication over a plurality of frequency bands. In Fig. 
13, a data stream 651 is encoded by a spread spectrum encoder 
652 in a similar manner to Fig. 12. A spread spectrum signal 
655 output from the spread spectrum encoder 652 is modulated 

20 with a carrier signal 654 from a signal source 653 by 

modulator 659. The carrier signal 654 has a frequency f 1 . 
The modulator output 657 is connected to another modulator 
660. A frequency synthesizer 656 (e.g., such as the one shown 
in Fig. 11) generates a programmable frequency signal 658, 

25 which is also connected to the modulator 660. The 

programmable frequency signal 658 has a center frequency of 
fn, which may be programmed by control lines 509 such as, for 
example, shown in Fig. 11. Modulator 660 outputs a bimodal 
signal 611 having frequency components at frequencies fl + fn 

3 0 and fl - fn. 

The bimodal signal 661 is connected to two 
narrowband power amplifiers 670 and 671. One narrowband power 
amplifier 670 is configured to operate at a frequency of fl + 
35 fn, while the other narrowband power amplifier 671 is 

configured to operate at a frequency fl - fn. Outputs from 
each of the narrowband power amplifiers 670 and 671 are 
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provided to an analog multiplexer 675 (or a set of switches) , 
which selects one of the two outputs from amplifiers 670 and 
671 in response to a band select signal 676. The multiplexer 
675 may be configured so that it selects one or both of the 
amplifier outputs, thereby allowing operation over a single 
frequency band or two frequency bands, and in either case 
using a single frequency synthesizer 656. The Fig. 13 
transmitter operates over paired frequency sub-bands 
SBH1...SBHN and SBL1 . . . SBLN (see Fig. 15) in a manner similar 
to the Fig. 12 transmitter, depending on the frequency fn 
selected for the programmable frequency signal 658. 

Figure 14 is a block diagram of a receiver for 
receiving and demodulating signals that may be sent over two 
frequency bands. In the Fig. 14 receiver, a transmitted 
signal 703 is received by an antenna 700 and provided to a 
switch 709. In one position A, the switch 709 connects to a 
first bandpass filter 714 having a center filtering frequency 
of f IF + fn, while in another position B, the switch 709 
connects to a second bandpass filter 715 having a center 
filtering frequency of 

f IF - fn. In a preferred embodiment, frequency f IF is selected 
as frequency fl used in the transmitter. 

Outputs from each of the bandpass filters 714 and 
715 are connected to another switch 710. In a first position 
A, the switch 710 connects to the first bandpass filter 714, 
while in another position B, the switch 710 connects to the 
second bandpass filter 715. 

Switches 709 and 710 are controlled by a band select 
signal 719. When the switches 709 and 710 are set in position 
A, the Fig. 14 receiver is configured to detect signals sent 
over a frequency band centered at f IF + fn, and when the 
switches 709 and 710 are set in position B, the receiver is 
configured to detect signals sent over a frequency band 
centered at f IF - fn. While two switches 709 and 710 are shown 
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in Fig. 14 , the same result may be achieved by using only a 
single switch 709 or 710. A variety of other selection means 
could also be utilized. 

The output from switch 710 is connected to a 
multiplier 720. A frequency synthesizer 721 generates a 
programmable frequency signal 722 having a frequency fn. The 
programmable frequency signal 722 is also connected to the 
multiplier 720. The frequency fn is selected to match the 
desired frequency sub-band pair PAIR-1, PAIR-2,... or PAIR-N, 
and therefore can monitor either of the two sub-bands 750 
comprising the pair, depending on the setting of the band 
select signal . By switching the frequency f n of the 
programmable frequency signal 722, the Fig. 14 receiver can be 
adjusted to monitor two other frequency sub-bands 750. The 
sub-bands 750 that can be monitored by changing frequency fn 
have the same pattern as shown in Fig. 15 -- that is, the 
highest sub-band SBH1 in the high frequency band F H is paired 
with the lowest sub-band SBL1 in the low frequency band F L , and 
the lowest sub-band SBHN in the high frequency band F H is 
paired with the highest sub-band SBLN of the low frequency 
band FL. 

By replacing switches 709 and 710 with a connection 
to both the A and B positions, the Fig. 14 receiver can be 
modified to simultaneously monitor two frequency bands, i.e., 
the frequency bands centered at frequencies f 1F + fn and f IF - 
fn. 

Multiplier 720 outputs a downconverted signal 725. 
The downconverted signal 725 is provided to an IF/demodulation 
block 73 0, which demodulates the downconverted signal 725 to 
recover the original information modulated thereon. The 
demodulation block 73 0 operates at the frequency f IF (i.e., 
fl) , and may comprise a frequency source for generating a 
frequency fl, and/or a spread spectrum decoder and 
demodulator. 
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As with the dual -band transmitters previously 
described, the frequency fn in the dual -band receiver of Fig. 
14 may be selected as larger than the frequency fl, in which 
case the bandpass filter 714 may be configured to have a 
center filtering frequency of fn + f IF , and bandpass filter 715 
may be configured to have a center filtering frequency of fn - 
f IF . Thus, the frequency sub-bands to be monitored would be 
separated by a fixed 2 • f IF as the frequency fn is varied among 
its programmable frequency values . 

Altern ative Embodiments 

While preferred embodiments are disclosed herein, 
many variations are possible which remain within the concept 
and scope of the invention, and these variations would become 
clear to one of ordinary skill in the art after perusal of the 
specification, drawings and claims herein. 

For example, information which is encoded for 
transmission is occasionally referred to herein as "data", but 
it would be clear to those of ordinary skill in the art, after 
perusal of this application, that these data could comprise 
data, voice (encoded digitally or otherwise) error- correcting 
codes, control information, or other signals, and that this 
would be within the scope and spirit of the invention. 

Technical Appendix - Ex cerpts of FCC Submissions 

The immediately following sections contain excerpts 
of technical reference submissions and specifications which 
were submitted to the Federal Communications Commission in the 
United States. These sections were included as the "TECHNICAL 
APPENDIX" in U.S. Application Ser. No. 08/293,671 from which 
priority is claimed, and have been edited to reduce 
redundancies . 
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SUMMARY 



The stage has been sex for another breathtaldng leap forward in the U.S. Information 
Age. Increased availability of inexpensive computing power and mass storage has created 
enormous theoretical capabilities to create, manipulate, and process data. These 
computer-based advances could vastly expand opportunities for increased efficiency, 
productivity, and innovation for our country. 

But these potential benefits from personal computing to American business and 
• consumers are contingent on the ability to interchange timely, usable data with other 
information providers and users. While transmission technologies have evolved that 
efficiently permit point-to-point communications between users, no systems have been 
effectively deployed to respond to users' needs for point-to-multipoint mass information 
distribution. THus while much lip service is paid to -electronic publishing,' almost all 
information is still distributed on paper or by mail, including the rulings of this Commissi 
and even computer software itself. 

In this request, Omnipoint Corporation, Oracle Data Publishing, Inc., and McCaw 
Cellular Communications, Inc. (collectively, "Petitioners-) propose an innovative system that 
would provide a high speed, high volume information 'superhighway- to address the public's 
needs - the Data Broadcast Service ("DECS'). This service would enable many important 
applications to be delivered at a small fraction of the cost of fiber, satellite, or landline 
distribution, sustainable by private funding sources, and with operations commencing within 
24 months. In addition, because DBCS is a broadcast rather than a landline system, it offers 
many advantages for portable applications that a national fiber optic, satellite, or wireline 
systems cannot. 
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Although falling under the broad umbrella of services to be considered by the 
Commission as •personal communications services/ the DBCS proposal is fundamentally 
distinct from any service contemplated to date: 

• DBCS efficiently utilizes spread spectrum sharing techniques to coexist with 
incumbent 1850-1990 MHz licensees. DBCS capi talizes on the use of 
advanced spread spectrum technology in a one-way format that permits DBCS 
to co-exist with current microwave operations. 

• DBCS t'VQdca^ data. Unlike data transmission services relying upon virtual 
circuits, i.e., establishing a two-way path between two points, DBCS u tilizes 
an efficient and highly reliable one-way broadcast to bring data transmission 
within the realm of consumer communications* 

• DBCS transmits data at unpamfleled speed. The DBCS network contemplates 
transmission speeds of up to 1.5 Mbit/s, which would allow the network to 
transmit an average sized book in less than 5 seconds to millions of users 
simultaneously, thus dramatically lowering incremental costs for distributing 
information and making a huge variety of services available from a single 
device. 

• DBCS has modest spectrum requirements. DBCS can achieve these 
significant data transmission rates into low cost devices using only 10 MHz of 
shared spectrum. This 10 MHz can be shared with existing microwave 
licensees and possibly with other competing spread spectrum DBCS providers. 
Any additional spectrum that might be granted would allow further increases in 
speed and throughput 

• DBCS can provide ubiquitous service. The benefits of DBCS are not limited 
to major metropolitan areas. DBCS can provide highly economic, ubiquitous 
coverage to even the most remote and rural areas of the continental U.S. 

These functional characteristics of DBCS not only embody a number of highly advanced 

technologies, but also an entirely new way of thinking about data transmission. 

What DBCS means for information users and providers is a dramatic change in the 

availability of timely data in electronic form: 

• The entire daily public ourput of governmental information — rulings, press 
releases, studies, records, requests from local, state, federal and military 
sources — can be distributed at a small fraction of current costs, without paper. 
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Moreover, it will be automatically filed and stored at each end user site for 
later retrieval or printing. 

Because DBCS utilizes powerful encryption and access authorization standards, 
it can also be used by the government efficiendy to distribute non-public 
information internally. Similarly, it also could be used by business to 
distribute information among employees, selected customers, or to the general 
public. 

The extreme high speed and low unit cost of DBCS allow it to solve the 
growing problem of maintaining complex, illustrated, or multimedia 
documentation at many sites nationwide. This documentation - for airlines, 
military equipment, large vehicles, manufacturing devices, farm implements', 
construction tools, computers, and computer software systems - is now 
delivered for the most part on paper, or on mailed electronic media, and is a 
major expense for American industry. Although electronic publishing systems 
have allowed business to improve the efficiency of document preparation, 
DBCS is n ee d ed to allow efficient distribution. 

Schools could receive broadcasts of textbooks, including color graphics, 
updates, and curriculum materials on a highly cost effective basis. With the 
cooperation of the publishing industry, vast collections of information can be 
delivered to local libraries that could not possibly afford or support similar 
collections on paper or if delivered by mail. Moreover, the information can 
be updated automatically and accessed locally without the need for the 
expensive high-speed two-way lines that would be required if the data were 
centrally stored and accessed remotely. 

Universities and research institutes, regardless of size, could automatically 
receive broadcasts of updated search index information for journals and 
specialized research information, allowing the users to execute Hat^h^ 
retrieval searches on their computers. Since the searching functions are done 
"off-line,' and downloading of actual articles is performed separately, database 
retrieval costs would be much lower. This model of distributed indices and 
off-line searching would dramatically lower the cost and efficiency of the 
nation's existing on-line data services industry, thereby making more 
information available at lower prices to more people. 

New publishing enterprises and self-publishing would be greatly assisted by 
this new service. DBCS would allow authors to create electronic books that 
could be distributed throughout the nation at costs which are orders of 
magnitude lower than paper. An illustrated book-length manuscript could be 
sent to millions of recipients throughout the nation for a distribution cost of a 
few dollars. Not a few dollars each; a few dollars for the entire nation. 
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• Computer users could receive broadcasts or upgrades to software packages thai 
would be automatically installed on the user's computer, greatly lowering the 
cost to both users and vendors, while also increasing ease of use. Similarly, 
the documentation for the software could also be delivered by DECS. 
America now runs on software, and the best selling computer software tides 
now outsell any new books, periodicals movies or music. 

• All existing news and financial services can be carried by DBCS and accessed 
individually by authorized subscribers. A financial analyst could receive 
minute by minute broadcast news that was filtered to allow the user to track all 
stories concerning a specific company, a market group, or, for example, the 
progress of U.S. /Mexican trade negotiations. Subscribing to a new service 
can be accomplished with a single telephone call, and new subscribers can be 
activated without installing leased lines or VSAT systems. By accommodating 
all services and subscribers in a single network, DBCS will greatly expand the 
potential for current and new electronic publishing, as a central market 
stimulates commerce. 

• Medical institutions could receive broadcast information updates regarding new 
treatment methods, newly available therapies, and Hi^-a^ control statistics, 
including detailed illustrations and raw data results that are not now possible to 
distribute electronically at reasonable cost. 

• Because of the inherent efficiency of a broadcast topology, DBCS would also 
allow the creation of a national electronic mail delivery system thai would 
offer message rates dramatically lower than current e-mail (or land mail) 
systems, while allowing the delivery of images, graphics and facsimile that 
current landline dependent services cannot cost-effectively support. 

Since all of this information is provided in a manipulable, electronic form, users can 

optimize their use of the data in highly personal ways to enhance their productivity and 

facilitate their information processing tasks. 

In order to provide these significant public benefits, DBCS relies upon advanced 

technology direct sequence spread spectrum devices and associated network technology. 

These technological advances were developed by Omnipoint, one of the DBCS principals. 

Since 1987, Omnipoint has been conducting laboratory research and computer modeling, and 
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it began limited field trials in 1990 tinder its own experimental licenses to vali date a DECS 
necwork that would allow: 

• High Performance Receivers. Petitioners' advanced technology will permit 
each DECS user to receive up to 1.5 Mbit/s data transmissions from multiple 
simultaneous sources in a small, low power, safe, inexpensive, and relatively 
long battery life mobile unit. DBGS receivers support a data rate that is 
orders of magnitude faster than existing FM technologies and a transmission 
range orders of magnitude greater than comparably fast technologies. 

• Shared Use of Existing Spectrum. DECS has been designed to coexist with 
the Operational Fixed Service ( m OFS m ) users in the 1850-1990 MHz band. 
Through a number of innovative techniques made possible through the use of 
advanced spread spectrum technology and taking advantage of the one-way 
characteristic of the broadcas t service, DECS can be deployed without 
displacing existing users of the band. 

These innovations are significant advances over the state of the radio art allowing Petitioners 
to realize a cost effective, high speed, high volume, wireless data superhighway today, and 
without consuming massive spectrum resources or requiring the construction of universal 
fiber service. 

Petitioners have designed DECS as a comprehensive answer to information providers' 
data transmission and management needs. Technically, DECS responds to widespread public 
demand for inexpensive, high speed, high volume nationwide digital delivery. DECS is 
an enabling technology that will permit nearly ubiquitous access to up-to-the-minute 
information and allow economic delivery of a rich variety of new information-based services 
designed to promote productivity and efficiency. The service will add a new dimension to 
personal computing and personal communications. 
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Omni point Corporation ("Omnipoinf), Oracle Data Publishing, Inc. ("Oracle"), and 
McCaw Cellular Communications, Inc. ("McCaw") (collectively, 'Petitioners*) jointly 
request a pioneer's preference for an innovative Data Broadcast Service ("DBCS"). As 
detailed below, DBCS will offer the public inexpensive access to a reliable and secure 
nationwide information superhighway operating at speeds up to 1.5 megabits per second 
CMbit/s"). This technological breakthrough relies on a small, low cost receiver capable of 
combining multiple simultaneous 1.5 Mbit/s transmissions in a single contiguous 10 MHz 
band of shared spectrum. Significantly, Petitioners 1 proposed use of 1850-1990 MHz can be 
integrated into the band by sharing with existing terrestrial licensees — permitting an 
extraordinary new use of spectrum without displacing established users. 
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Petitioners represent the combined spread spectrum, data processing, and wireless 
communications strengths of Omnipoint, Oracle, and McCaw. Drawing from the collective 
resources of these industry leaders, Petitioners designed DBCS as a complete Information 
Age solution to information providers' needs for wide area, high speed, or high volume data 
delivery. The proposed service will allow inexpensive, ubiquitous access to a multitude of 
information sources and enable economic delivery of many needed new information-based 
services, including several contemplated for the proposed national fiber optic data network. 
Petitioners* efforts to pioneer this innovative new service warrant grant of a preference in the 
licensing of DBCS providers. 1 

I. PETITIONERS' QUALIFICATIONS AND EXPERIENCE 

Petitioners are a high technology venture formed to advance a comprehensive solution 
for providing accessible, functional, timely data on a highly cost-effective basis. The venture 
represents the collective strengths and resources' of three industry leaders. It combines 
Omnipoint's knowledge of spread spectrum and network design, Oracle's experience in data 
management, and McCaw's understanding of wireless communications. Accordingly, 
Petitioners hold unique qualifications to fulfill DBCS's potential for improving productivity, 
increasing access to information, and increasing the utility of information. 



Petitioner, believe thai DBCS hUm within the realm of service- currently being considered mm PCS. and 
that the general licensing and service rule, adopted for PCS. can be appropriately modified to reflect DBCS 
concern.. Accordingly, Petitioner, are requesting a waiver of the pioneer', preference requirement to file an 
auoctated petiooQ for rulemaking. See Pioneer's Prrferrncr Reconsideration Order. FCC 92-57 at \ 18 (rcl 
February 26. 1992). In the event that Petitioner.' wajver request u denied. Petitioner, will file a petition for' 
rulemaking within the prescribed 30 day period. 
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Omni point is the country's leading manufacturer of true direct sequence handheld 
spread spectrum technology. With almost 300 man-years of experience in the design and 
development of spread spectrum systems, Omnipoint was the firat company to develop 
handheld spread spectrum phones, to develop a palm sized spread spectrum modem, to test 
spread spectrum in microcells, to test spread spectrum phones with AIN f e a tu res, to operate 
in conjunction with cable TV networks, to oper a te spread spectrum phones in the unlicensed 
bands, and, in late 1991, to demonstrate spread spectrum phones in the 1850-1990 MHz 
band. Omnipoint* s advanced technology gallium arsenide integrated receiver, which allows 
Omnipoint's techniques to be used anywhere from 800 MHz to 2.5 GHz, is the basis of the 
only wireless spread spectrum network system capable of handling voice, data, and video in 
portable products. 

Oracle is the nation's largest provider of database software and services, and 
America's third largest software firm overall, with projected revenues of over one billion 
dollars in its current year. Oracle's relational database management system ("RDBMS") is 
the standard for relational database products worldwide, commanding a majority of the 
RDBMS market. Oracle's RDBMS currently functions on over 80 computer platform 
including personal computers, workstations, minicomputers, and mainframes. The 
company's expertise in developing and managing database software that performs across a 
wide number of platforms brings to the venture the experience necessary to manage the 
extensive information that will be transmitted over the DBCS network for system managers, 
information providers, and information users. Oracle also has a large national network of 
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sales offices and support personnel, including many technical assistance representatives, that 
could form an integral pan of a customer support network. 

McCaw is the nation's leading provider of wireless personal communications services. 
McCaw and its affiliate, LIN Broadcasting Corporation, have ownership positions in over 
100 cellular markets across the country with nearly 100 million potential customers, or 
"POPs." The company has been at the forefront of joint cellular industry initiatives to 
maximize the potential of cellular radio through seamless, national wireless services. For 
example, McCaw has been a driving force in the formation of the Cellular One*, the North 
American Cellular Network, and the national Data Over Cellular project announced in April 
of this year. McCaw and its affiliate, LIN Broadcasting Corporation, also have extensive 
experience in managing mass communications cable television and broadcast television 
systems, as well as an extensive national telecommunications network billing and 
administrative infrastructure. 

EL DECS ADDRESSES UNMET DATA COMMUNICATIONS NEEDS 

DBCS is a bold response to current problems in how information is used and 
disseminated in today's society. Although the computer has become an indispensable 
technology in the information user's quest to process data efficiently, the functionality of 
computers for both businesses and consumers is limited by the availability of needed data and 
the utility of the information that is provided to the computer. By creating a data broadcast 
network, the Petitioners have effectively isolated the characteristics of delivery that users 
need so that information can be more accessible and productively used. 
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To date, data interexchangc has been almost exclusively the domain of two-way, 
individual circuits, whether temporary switched circuits or semi-permanent leased circuits. 
Although there will always be a need for interactive two-way connections, the use of two- 
way circuits for pure bulk data point-to-multipoint transfer applications is inefficient. 
However, it is the only solution today because sufficiently reliab le one-way communications 
are not available. In other words, the cost of distributing information to multiple users using 
a series of point-to-point connections rises linearly with the number of distributees. 
Furthermore, the price of telecommunications has remained relatively static with only small 
improvements in throughput, and consequently the costs of data transmission for one-way 
point-to-multipoint applications are unlikely to decline relative to the growth of information 
being generated. For DBCS, the costs are fixed whether one user or 10 million receive the 
data. 

To date, the explosion in computing power has not meant an explosion in information 
management power. Despite the advent of extraordinary computer processing power, data 
transmission is still in its infancy. The overwhelming majority of business information, for 
example, still is transmitted on paper. 2 Several technologies have been deployed to address 
the worst deficiencies of paper as an information distribution methodology. Until DBCS, 



Somewhat ironically, even informed oc generated oo computer* is rendered to print formal for 
domination. Thai pleading, for example. w« produced a* a collaborative effort using word procescing 
software oo several different computer systems. However, it has been rendered onto paper for submission to 
the FCC. Paper persists because of its benefits of relative permanency, ability to be physically shared with 
others, relatively inexpensive publishing coos, and capacity to communicate virtually any type of information. 
The timely delivery of printed informanoc. however, depends upon physical transportation of the paper itself. 
The co«s and inconvenience of this paradox are well known. 
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none of these interim technologies offered a comprehensive solution to the problem of mass 
information dissemination: 

• Facsimile machines, for example, improve the timeliness of information 
delivery, but do not address the cost-effectiveness of storing, transporting, and 
publishing extensive libraries of documentary information, nor do they address 
the user's needs to manipulate data upon receipt, since the tools of automation 
cannot be used to expedite the search for relevant information. 

• CD-ROM technology significantly improves on an information provider's 
ability to store information in an electronic form, thereby enabling end users to 
manipulate the data as they see fit. Unfortunately, CD-ROMs are not an 
economically viable means of data transfer for the great majority of 
information sources, since complex and expensive technology currently is 
required to "write' CD-ROMs, although the price of CD-ROM "read" 
technology is decreasing. Moreover, CD-ROM drives are slow, the devices 
are read-only, and at approximately 540 MB capacity, they are not 
significantly greater capacity than many of the magnetic disk drives now 
available. Even more importantly, CD-ROMs still rely on physical 
transportation for data transmission, thus limiting the timeliness of the data 
that can be transferred. This may explain why industry projections for the 
media have never been realized 

• Online databases were, perhaps, the best solution deployed to date. The 

database author maintains the timeliness of the data and users can manipulate 
the data set functionally to retrieve items of interest. Unfortunately, a typical 
commercial database functions as if the user's computer were no more than a 
"dumb" terminal. Users generally must initiate access to the data, and thus 
may not learn about time critical information until after the information has 
ceased to be useful. In addition, the price of two-way, interactive connections 
has placed a premium on their usage since every user pays for the entire 
disaibution cost to him even though the data is the same. 

DBCS solves these basic problems for users by combining a nationwide point-to-multipoint 
broadcasting network for the delivery of digitized data with a sophisticated data management 
system. 

DBCS involves a complete rethinking of data transmission fundamentals. Petitioners 



designed DBCS as a one-way data path that would be reliable enough to obviate the need for 
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error and flow control signals, thus freeing poim-to-muiripoint data transfer from the 
constraints of expensive, circuit-based operations. By enhancing the availability and utility of 
information, DBCS will provide significant productivity and efficiency benefits for both 
businesses and consumers, as well as promoting information flow to the infor mati on 
disen f ranchised. 

EH- THE DBCS SYSTEM 

A. DBCS Service Capabilities 

DBCS offers a complete and inexpensive solution to information age data distribution 
problems for a wide variety of new data services. First, DBCS is very fast and, under 
prearranged conditions, the DBCS architecture can distribute information almost 
instantaneously. Second, the DBCS network configuration allows point-to-multipoint 
distribution at a very low incremental cost per information receiver. Third, DBCS efficiently 
transmits the increasingly large volumes of data that are being amassed, and are required for 
emerging graphical applications and interfaces, as well as existing textual information. As 
shown in Petitioners' market study (Appendix B), and summarized below, information 
creators increasingly need these capabilities, individually and collectively, to enhance the 
utility and accessibility of their data for the information consumer. 

Speed. The high speed of the DBCS network is, in itself, a distribution solution 
necessary for certain time sensitive services. Such services include, for example, news, 
weather, and financial information distribution services. Some of these services are available 
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today, but as text-only offerings for premium, "high-end" users, because the lack of a 
suitable transmission vehicle drives up delivery costs. DBCS, in contrast, could 
inexpensively transmit a single-spaced ASCII page in less than 3/100ths of a second and thus 
permit information providers to include, for example, graphical weather maps or newsworthy 
photographs. Most highly time sensitive data networks, on the other hand, require capacity 
on demand even for text-only services, and thus rely fan permanent networks of leased lines, 
sateliite/FM sideband transmission, or VSAT technology. Not only are the initial fixed costs 
of these services prohibitive, there also are high recurring costs. Furthermore, since 
satellite-based technologies typically rely on line of sight transmission, time sensitive data 
may not be available to all users. 

Low Costs and Ubiquity. There also arc a number of beneficial emerging services 
that require economical distribution of information from a single source to a large base of 
users, including electronic delivery of periodicals, software updates, compound documents, 
complex documentation, and decentralized database search indices. At the present time, to 
the extent that these services are offered at all, the delivery mechanisms are quite expensive 
or very slow. Periodicals, for example, typically travel by mail. 3 Software updates 
generally are transferred on floppy disks retailed through various vendors, a process that is 
slow and expensive. 4 And, for those specialized providers who have separated the 

1 There are, for example, over 100,000 newsletters La the United Stales, and 1 1,000 other periodical! 
(6.800 of which are DOc-coomimrr, non-agricultural). The U.S. Postal Service, in fact, estimates 10.6 
billion pieces of 2nd class mail will travel at a total mailer cost of SI. 9 1 billion. 

* Software updates of top-selling microcomputer products typically have a cost of goods between S7.00 
and 512.00 per copy. Although development costs will still remain a large expense, DECS could virtually 

(continued...) 
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processing and retrieval aspects of commercial databases to allow users to perform searches 
and inquiries on their own computers, information often is transmitted on CD-ROMs, a 
technology that has been slow to gain public acceptance, requires a special reader costing 
S500.00 or more, is slow, read-only, and incapable of dynamic updating - and still must be 
delivered by mail. For many of these services, delivery adds significantly to the cost of 
providing the service, and can easily render the service prohibitively expensive. The lack of 
a ubiquitous delivery system like DBCS thus impedes the growth of a wide range of 
beneficial information services. 

High Cnpacity. DBCS also offers a high volume -pipeline- - 60 to 75 gigabytes per 
day using compression techniques - making feasible services relying on economic delivery 
of large quantities of one-way electronic data. Such services could include, for example, the 
deUvery of the entire daily output of governmental information, the distribution of internal 
and public business documents, maintenance of specialized multimedia documentation at 
remote sites, the distribution of books, periodicals, and self-published manuscripts, 
downloading of data from databases, color graphics applications, remote publication of 
specialized documentation that must be regularly updated, transmission of data secured using 
high level encryption routines, and de-archiving from centralized electronic storage banks. 
These services are not ordinarily available because today's solution to high volume data 
transfer needs is circuit oriented, requiring inefficient use of two-way access lines. Since the 



'(...continued) 

eliminate the : sctud ! distribuuoo coat, «d the costs of producing upd^. m nnjdple mediss (c z 3 1/2^5 
1/4 floppy disks) for different CPUs. ' ™"P»« meats* {e.g., 3 1/2 sad 5 
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fixed and recurring costs of these lines grows with the data rate, users must either pay high 
charges for circuit use or live with extremely slow throughput rates. 

High circuit costs and low throughput make it impossible, for example, to distribute 
software updates, a product which runs on computers and therefore should lend itself to 
electronic distribution. A 5 megabyte software package (excluding documentation) would 
take almost five hours to transmit to each end user af the widely available 2400 baud speed 
(not including ACK/NAX packet protocol overhead), and over one hour at 9600 baud. This 
is unacceptably slow and cumbersome for customers. Moreover, the cost per end user would 
greatly exceed postal costs. Thus, electronic software distribution by current circuit 
technology is both less convenient and less economical than shipping. Although the 
technology is in place to deliver software digitally, these factors explain why it is only done 
for small game-type programs. 

B. The DBCS System Architecture 

The DBCS network, in a very simplistic sense, can be viewed as a centralized 
information clearinghouse delivering data to users throughout the nation over a low cost, 
high speed broadcast superhighway. Information providers - e.g., news wire services, 
database services, and publishers - forward data by various means to a central collection 
point. This data is rapidly collated and packaged with other sources' data, and distributed 
throughout the network for dissemination to end users. End users, in turn, receive the 
information via radio broadcasts and manipulate the information in privately beneficial ways. 
Thus, DBCS can be broken down functionally into four components: (1) information 
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transmission to the clearinghouse; (2) distribution and control of information transmission 
within the network; (3) information transmission from the network to end users; and (4) end 
user control of transmitted information. Each of these elements is described below. 

Information transmission to the DBCS network. Petitioners* have structured the 
DBCS network to allow information providers the greatest practical degree of flexibility. 
For example, virtually any electronic information source can interface with the network to 
provide data for broadcast. Petitioners intend to support links that include specialized 
gateways {e.g., electronic mail systems or intracorporate networks); dial-up access via 
modem (e.g., incidental users); and leased data lines from information providers needing 
regularly scheduled broadcast time slots (e.g., an agricultural weather service or a legal 
database). Information providers will be required to transmit, or maintain at the central site, 
a data bank containing the logical addresses of the users or groups for whom the data is 
targeted. Because the system is very flexible, end user billing arrangements and special data 
handling routines at the end user's receiver also can be structured as needed. 

Petitioners anticipate that DBCS local transmitters will provide wide area coverage 
not only in major metropolitan areas, but in all but the most remote rural regions. 3 And, 
using Omnipoint's unique direct sequence spread spectrum technology and the characteristics 
of one-way broadcast transmission (e.g., DBCS is a predictable interfercr since there are no 

Users in remote areas, however, are not precluded from Accessing DBCS. Since the nationwide 
satellite simulcast is always available in lieu of the locally rexransmioed broadcast, any user can access the 
DBCS nexwork through the use of a VSAT terminal. Importantly, in thoae regions of the country where 
broadcast transmission is uneconomic; i.e., low population density agricultural regions, VSAT use is economic 
snd line of sight is always available. In fact, rural agricultural users are among the biggest consumers of 
VSATs. VSAT recipients of DBCS will still benefit from the wide van cry of services av ailab le and the 
convenience of DBCS software. 
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uncontrolled remote transmitters), these local transmitters will be capable of co-existing with 
the current OFS microwave users. In addition, with the combination of a simulcast spread 
spectrum network, DBCS receivers capable of constructive signal summing, and with the 
absence of capacity constraints limiting the size of DBCS cells, Petitioners have incredible 
flexibility in transmitter effective radiated power ("ERP"). Thus, Pcdtioners are able to use 
extremely high power {e.g. , 100+ watts), wide area transmitters in regions where OFS 
interference concerns are not present and sectored, low power transmitters (e.g., potentially 
as low as 100 milliwatts) where interference potential does exist. Accordingly, DBCS is a 
highly efficient proposed use of spectrum. 

Jntrnnetwork distribution and control of information. U tilizin g the raw data, logical 
addresses, and options requested by the information provider, the DBCS carrier prepares the 
information for transmission over the wireless network. The information provider's data will 
be addressed and the address information encrypted to ensure providers with control over 
access by the end user.* Each provider's data are assembled into a stream relying on 
defined priorities for delivery; i.e., a news source may require an extremely high priority, 
while a documentation update may be deferred for nighttime or another, non-busy, time for 
transmission. The data stream will then be compressed and packetized, and forward error 
detection codes will be added to ensure data integrity. Importantly, all of these tasks are 
automated and can be accomplished with negligible time lag. Finally, the packet stream will 



Information providers will also have the option of having their encrypted. 
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be uplinked to a satellite with national coverage for retransmission to the individual local 
transmitters that comprise Petitioners* ubiquitous broadcast network. 7 

Information transmission from the network to end users. At each network satellite 
receive station, a VSAT receives the satellite data stream and ^broadcasts the information 
terrestrially using a nondestructive spread spectrum technique. Due to the design of 
Petitioners' spread spectrum network, DBCS transmissions will penetrate interior and 
exterior walls to provide high quality indoor reception. Each user's receiver monitors the 
incoming stream from the local transmitter, becoming active only for data destined for that 
particular address (thus conserving battery power in portable systems). Any packets 
addressed to the receiver will be separated from the broadcast stream and decoded to verify 
error free transmission. The data will then be reassembled from the packets and passed to 
the DBCS Electronic Librarian"' resident in the user's computer. 

Since DBCS is designed as a mass communications technology, important design 
goals included making DBCS receivers small and extremely low cost, while offering data 
rates fast enough to multiplex a wide variety of services. Using Omnipoint's spread 
spectrum devices and custom chip technology, DBCS receivers should be small enough to fit 
even within handheld devices, making DBCS a viable transmission system for portable 
computer users as well as users at fixed locations. Omnipoint's technology also obviates the 
need for complex, costly, and power consumptive adaptive equalizers necessary to overcome 
delay spread induced inter-symbol interference, and thus production DBCS receivers should 



Although VSAT distribution is uneconomic for all individual cad users since Petition - .a ,u 
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function in a mobile environment and cost less than S 100.00. This is well within the reach 

of domestic computer users. In fact, a typical consumer user could easily amortize the cost 

of a DBCS receiver with one year's local telephone bill. 1 

End user control of transmitted information. The end user's DECS system will 

include, in addition to the receiver unit, customized Electronic Librarian™ software for the 
user's computer to process and store information paswl to the computer by the DBCS 
receiver. The DBCS Electronic Librarian™ generally will be a background task in the 
processor that will decide what actions should be performed on the data it receives. In the 
simplest case, the data will be stored and the user alerted to its presence. Using a DBCS 
application program, the user could then, among other things, preview the information, read 
the information once, delete the information, or republish the information locally with 
varying charges. 9 For a more complex database application, the DBCS Electronic 
Librarian™ might automatically perform an index update, modifying information in a search 
tree resident on the user's computer. 10 Tne DBCS Electronic Librarian™ also could pass the 



c The FCC's Industry Analysis Division hi* indicated that the average residential user's telephone bill is 
between S 17.00 and S 18.00 per month, and the average business user's local telephone bill is between £40.00 
and S45.00 per month. 

* As discussed in the system architecture a ppendix (Exhibit B), certain DBCS functions will require a 
backhaul network to support administrative and accounting options. Petitioners, using Oracle's considerable 
experience as a data management company, are creating a billing system that functions on a periodic basis, 
transmitting data on usage from the end user to the central billing system by land line or other back channel. 
For example, the user might dump the billing data to a diskette in encrypted form, or have his computer 
automatically call a regional billing center and send the information over a telephone connection to a network 
billing computer. DBCS cannot, and is not intended to. eliminate completely the need for interactive 
connections, but it can significantly minimize the number of transactions that must occur using two-way real 
time connections. 

10 1rx**-*A of maintaining indices at a single central location, news retrieval services could now use DBCS 
to broadcast their index daily, allow local off-line searches, and then deliver the data requested with far lower 
costs and greater efficiency than their current on-line system. 
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data through an end user-defined filter to screen for information that triggers software 
alarms. For example, a user could subscribe to a general news wire service and request to 
be notified about articles using certain key words like "telecommunications* or "PCS." 
Thus, DECS is not merely a conduit for information, but rather a comprehensive data 
management system for information providers, and a central source for the very wide variety 
of information services needing speed, capacity, and .reliability. 

C. DECS Can Be Implemented With a Shared Allocation 
Of 10 MHz In The Emerging Technologies Band 

Petitioners have requested a transmission bandwidth of 10 MHz for DBGS 
implementation." This bandwidth, which is consistent with the current OFS channelization 
policies, allows for robust multiple signal combining and ultimately provides for up to 1.5 
Mbit/s wireless data broadcasting rates. In comparison, narrower bandwidth systems would 
cause significantly greater interference to an incumbent OFS user and would therefore 
require exclusion zones that would make DECS impractical. For example, a 500 kHz system 
operating ouaide the OFS beam path at just 100 milliwatts would soil require up to a 35 mile 
exclusion zone. O midpoint's system at 100 milliwatts requires only a 5 mile exclusion zone 
assuming worst case free space propagation and the requirement not to raise the OFS noise 
floor by more than 1 dB." 



Importantly. 10 MHz constitute, a minimum spectrum allocation for DECS, but the FCC should 
oguiie tfaax the system could provide significantly higher data rates if more contiguous spectrum were t 
ie available. . 

,: Most real world situations will allow Omnj point to operate siguificanUy clc 
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Petitioners believe that DBCS spectrum needs can be satisfied using the bands the 
Commission recently proposed to reallocate in the 2 GHz band for use by "emerging 
technologies."" The Commission also proposed measures to relocate the existing fixed 
microwave users of the band. For the technical reasons noted supra. Petitioners submit that 
DBCS is suited ideally for deployment in the emerging technologies band since the 
dislocation effect* of DBCS on existing OFS users are insignificant in comparison to other 
services. Not only is DBCS the type of service the Commission is seeking to promote," the 
electrical interference characteristics of the emerging technologies band will allow DBCS to 
-share" spectrum with existing users, thereby nunimizing the impact of new technology 
development. 

Significantly, the use of spread spectrum for DBCS also provides a mechanism for 
introducing competition. Because separate orthogonal pseudo-noise ("PN") codes could be 
assigned to different providers to operate CDMA systems on the same 10 MHz band, more 
than one licensee can be accommodated on the same bandwidth." Notwithstanding CDMA 
sharing, the band has a finite capacity and unlimited entry is not possible. In other words. 



" In the Master of Redevelop***: of Spectrum to Encourage Innovation in the Use of New 
Telecommunications Technologies, ET Docket No. 92-9 (February 7. 1992). 

'* DBCS i.a technically innovative new service appropriate for licensing « M emc^iag tocfaaolocy In 

^^"T.fT 77 S TeChnoU3 ^ " tfa* in the emergmg tnctewlogS. "bend 

would be intended primarily for use by new service, made possible through technologic^ advance..' Id u 1 
28 Accordingly, the FCC stated that 'requests for oper«ioh of new service, in these band, should demonstrate 
that the serv.ee mak« tnnovative use of a new technology and that the technology is mot appropriately sua ted 
to operate [m] the 2 GHz region.' Id. As shown in Section. IV and V. infra, DBCS meeTuST^Ln^ 



Even w,th spread spectrum operation, two or more DBCS provider, utilizin g the same band would be 
^ ^ft* 10 ^ tna3aiam ««1 «o share the technology for DBCS operanoo in order to guarantee that PN 
codes would be orthogonal. Petitioner, are continuing to experiment with other po«ible connective 
arrvijemenu that would permit full fkcilitiea-baaed competidoo. 
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each additional spread spectrum system licensed in the same band will raise the threshold 
elevation of OFS receivers and lower the signal to noise ratio for DBCS receivers. At some 
point, the ambient noise in the band will overwhelm existing systems, and, in any event, will 
necessitate higher power or lower data rate operation. 

IV. DBCS IS AN INNOVATIVE AND EFFICIENT DATA TRANSMISSION 
SERVICE WARRANTING GRANT OF A PIONEER'S PREFERENCE 

A. Petitioners Have Developed Spread Spectrum Technical 
Innovations To Implement the DBCS Service 

The Commission promulgated strict standards for the award of licensing preferences 
in the Pioneer Preference Order.' 6 In particular, the Commission indicated that it would 
grant pioneer's preferences only to applicants that have invested significant efforts to develop 
a new or enhanced service, 17 stating a pioneer must 'demonstratfe] that it ... has developed 
an innovative proposal that leads to the establishment of a service not currently provided or a 
substantial enhancement of an existing service." 11 In this context, an 'innovative proposal- 



means: 



ITJhe petitioner ... has brought out the capabilities or possibilities of 
the technology or service or has brought them to a more advanced or 
effective state. Generally we believe that an innovation could be an 
added functionality, a different use of the spectrum than previously 
available, or a change in the operating or technical characteristics of a 



" Establish™* of Procedures to Provide a Preference to Applicants Proposing an Allocation for New 
Services. 6 FCC Red u 3488 (1991) {'Pioneer Preference Order'), recon. FCC 92-57 (rel. February 26. 1992). 



" Pioneer Preference Order, 6 FCC Red *t 3494 a. 10. 
" Pioneer Preference Order, 6 FCC Red ml 3494. 
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service, any of which involve a substantial change from that which 
existed prior to the time the preference is requested. 1 * 

The Commission also listed a number of potential indicia of new or enhanced services: 

[A]n added functionality provided to a broader group of customers than 
was previously available or a new technology that permits 1) increased 
ability to perform an existing work requirement; 2) increased capacity 
in an existing service; 3) a substantial cost reduction in an existing 
service; 4) improved quality of an existing service. 20 

As shown below, Petitioners' DBCS implementation satisfies the FCC's stringent standards 

for award of a pioneer's preference. 

Specifically, Petitioners have incorporated a number of technical advances into two 

innovations that make DBCS possible. First, Omnipoint's development of extremely high 
performance direct sequence spread spectrum receivers has opened the door to creating a 
consumer-oriented, reliable, wide area, and high speed data broadcast network. Second, the 
combination of several advanced technologies allow DBCS to be integrated with existing 
spectrum licensees operating OFS microwave stations, permitting DBCS to be implemented 
without displacing other valuable spectrum uses. Petitioners submit that these innovations 
warrants pioneer's preference. 



33 id. 
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1. DBCS's Use of Advanced Technology In Providing Low- 
Cost, High Speed, High Volume and Wide Area Data 
Broadcasts Is Unlike Any Existing Or Proposed Service 



Petitioners' DBCS system is unlike any service implemented or proposed to date. 
DBCS provides wide area distribution of one-way data at nominal data r ates of up to 1.5 
Mbit/s to low cost, low power receivers - a substantial technical achievement. Omnipoint's 
spread spectrum system provides several major pioneering innovations that enable such an 
extraordinarily high data rate to be delivered to low cost stationary and mobile receivers: 

• Traditional RF digital simulcast broadcast techniques have been limited to low 
data rates (i.e., under 24 kbit/s) or very short ranges (i.e., a few hundred feet 
at 500 kbit/s) due to the need for impractically expensive and power 
consumptive adaptive equalizers to overcome delay spread induced inter- 
symbol interference ("ISI"). 

• Traditional techniques cannot allow for low cost receivers to receive multiple 
simultaneous signals up to 1.5 Mbit/s in order to provide continuous 
overlapping coverage. Paging simulcasts are currently done at 1200 baud and 
the state of the art in theory for FM techniques is 3000 baud. VBI broadcasts 
operate at approximately 9600 kbit/s and the fastest FM subcarrier 
broadcasters reach speeds of 20 kbit/s, with contemplated improvements 
allowing perhaps 64 kbit/s. This speed is below the throughput requirements 
of many individual services, and cannot support a wide variety of data-rich or 
graphical services. VSAT can, of course, provide sufficient speed, but 
without in-building coverage and at considerable installation cost and 
complexity not economic for most end users and applications in urban areas 

DBCS uses a multiple signal combining spread spectrum system that sums the energy from 

multiple paths, eliminating the need for complex cell site planning and complex continuous 

frequency scanning receivers. In addition, Omnipoint's spread spectrum system overcomes 

cell boundary, problems (e.g., hand-off or jamming), and, in fact, turns it into an advantage 



(i.e. , complete coverage at low cost). 
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Although point-to- multipoint radio services do exist, e.g. , the Digital Electronic 
Messaging Service or VSAT distribution, no other radio based technology provides the cost 
and coverage characteristics of DBCS. In fact, none of the existing vehicles for point-to- 
multipoint transmission even purport to be consumer technologies. DBCS provides not only 
"a substantial cost reduction" for consumers, but also high speed and high volume transfer 
capability — an "increased ability to perform an existing work requirement. * Thus, DBCS is 
"a different use of the spectrum than previously available* within the meaning of the 
Pioneer's Preference Order. Further, DBCS represents an enormous advance in the "speed 
or quality of information transfer" that "significantly reduce[s] costs to the public," and thus 
should be given "careful consideration [for a pioneer's preference]." 21 

2. Petitioners Have Developed Efficient Technologies That 

Capitalize on Data Broadcast Characteristics To Allow the 
DBCS System To Share With Existing OFS Users 

After considerable laboratory investigation, computer modelling, and field testing 
under Ornni point's experimental license, Petitioners already have made substantial progress 
in validating a DBCS system capable of coexistence with existing OFS users. The final 
phase of Petitioners' testing will culminate in the near future when a prototype data broadcast 
system is implemented in Colorado Springs, Colorado. Petitioners have a high degree of 
confidence that these tests will prove out DBCS technology, since, as shown in Exhibit A, 
extensive work already has been done to demonstrate DBCS's sharing ability. 



* Id. 
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DBCS's ability to coexist in the current OFS band is the result of low power direct 
sequence spread spectrum equipment specially developed by Omni point to take advantage of 
the following characteristics of DBCS: 

• Channelization. DBCS utilizes a 10 MHz contiguous band of spectrum 
consistent with the existing channelization of the band (i.e., 94 percent of all 
OFS links in this band are 10 MHz links); 

• Pr edictab ility. Unlike two-way systems, DBCS is predictable as a potential 
interferer because there are no remote transmitters causing uncontrolled 
interference; and, 

• Orientation. Since DBCS transmitter sites arc fixed, the antenna orientation is 
known and DBCS can make use of orthogonally polarized antennas. 

In order to minimize impact on OFS operations, Petitioners have designed spread spectrum - 

equipment capitalizing on these factors, which feature: 

• Extremely Low Potential for Interference to OFS. Omnipoinfs direct 
sequence spread spectrum system provides low spectral density for 
coexistence. In actual practice, when transmitting in the direction of a co- 
channel OFS receiver, an exclusion zone invariably must be established. The 
required exclusion range is a function of transmit effective radiated power 
("ERP"), signal bandwidth, and the allowable apparent noise figure of the OFS 
receiver, referred to as threshold elevation. Because DBCS uses a noise-like, 
spread spectrum signal, the effect of DBCS transmissions on OFS merely 
increases the threshold elevation. For a given transmit ERP, Petitioners' 10 
MHz bandwidth signal results in 1/100 (20 dB) less interference to an OFS 
receiver compared with a similar power, 100 kHz bandwidth signal. 
Translated into range. DBCS transmit stations can be a factor often times 
closer to a typical analog OFS receiving station than a narrowband 
transmitter. 

• Signal Robustness. Omnipoinfs spread spectrum system introduces 

noncoherent detection and reception of multiple simultaneous signals. This 
provides DBCS with reduced sensitivity to multipath and a mechanism for 
combining three way data transmissions. DBCS's overlapping coverage and 
the receiver's ability to combine up to three signals has a number of significant 
benefits: (1) sensitivity to signal shadowing effects caused by buildings, hills, 
and other terrain considerations is considerably reduced; (2) multipath fading 
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effects arc mitigated and error correction coding performance is enhanced; (3) 
triple transmission provides space divcrsiry; and, (4) spread spectrum provides 
frequency diversity. 

• Low Transmit Power. The DBCS network u tilizes sectorized transmissions to 
avoid jamming OFS receivers. To maximize deployment flexibility, DBCS is 
designed to permit all sectors and transmitters to operate at the same 
frequency. Petitioners' technical appendix shows that even areas near an OFS 
user on the same frequency, a triangular grid of transmitters 1 to 2 km apart 
provides 600 kbit/s raw data rate. Since, in any given area, the DBCS 
receiver will be in range of up to three -base stations, Omnipoinfs hand held 
direct sequence spread spectrum technology permits radical reductions in 
transmission power. 

All of the above factors combine to reduce the potential for interference to OFS licensees. 
While no existing co-channel technology can guarantee complete overlay coverage without 
interference, the exclusion zones for DBCS are so much smaller than for other systems that 
DBCS can be commercially deployed without significant disruption of existing users. 

The Commission has stated that •technologies that yield efficiencies in spectrum use 
... or spectrum sharing . . . will be given careful consideration [for a pioneer's 
preference]. 22 By allowing DBCS to be deployed on channels already occupied by OFS 
fixed microwave users. Petitioners* technology is a radical advance in spectrum efficiency 
that warrants grant of a pioneer's preference. 



B. DBCS Is Inhzrently Nationwide In Scope 



DBCS has the potential to expand greatly the information service options available in 
the U.S. market. However, for technical and market reasons, DBCS is inherently 



= Id. 
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nationwide in scope and cannot viably be offered on a smaller scale. First, the fundamental 
concept behind DBCS is centralized collection and national distribution of information. In 
order to accomplish this feat, full CONUS satellite delivery to individual transmitters is the 
only suitable intranetwork transport system. Creating a network of T-l circuits to individual 
transmitters spaced, in places, at less than 5 miles, would be prohibitively expensive and 
provide lower reliability. Thus, DBCS's technical foundation relies on a national 
transmission system and DBCS providers should be issued nationwide licenses. 

Second, DBCS is characterized economically by high initial infrastructure costs, high 
fixed overhead costs, and virtually nonexistent incremental costs for additional subscribers. 
This is true for both the br o a d ca s ter and the information provider, and has a direct impact on 
the Petitioners* ability to attract providers to the service. In other words, in order to recover 
fixed costs, Petitioners must amortize the large infrastructure and overhead costs over an 
extremely large customer base. Although the same theory is true to some extent for all radio 
services, the extreme disparity between fixed and variable costs for DBCS compels national 
licensing. 

Third, without the capability to achieve nationwide distribution for its data product, 
an information provider must maintain dual distribution channels. Since most existing data 
and computer marketing is conducted on a nationwide basis, any market divisions imposed 
by regulation would require information providers to maintain two distribution 
infrastructures. Generally, information providers' costs per subscriber will be defined by the 
most expensive distribution method, and thus multiple market divisions for DBCS will negate 
the bulk of DBCS's low cost benefits. Moreover, many niche services which serve a 
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particular social or business need, for example agriculture or science, can only obtain an 
adequate community of interest from a national base. Thus, if DBCS is not licensed on a 
national level, many of the contemplated new services may not emerge. 

Finally, DBCS end users' data needs arc not categorically confined to localities or 
regions, but arc nationwide. The ability to access from local providers, in fact, 
generally represents market segments where the impact- of DBCS will not be felt as 
significantly, since as the cost of distribution decreases, and the available means of 
distribution increases, the closer the information source gets to the end user. DBCS will 
only achieve its highest potential benefits for users if the network allows data users to access 
information on a nonspecific geographic basis. 

Petitioners are sensitive to the Commission's predisposition to only award national 
pioneer preferences where fully justified and under conditions that ensure competitive entry. 
For technical, operational, and economic reasons, DBCS can and should be considered a 
national service. Most fundamentally, national coverage is essential to meet the needs of 
information service providers serving customers across the country. National coverage also 
is necessary to take full advantage of the efficiencies of mass distribution contemplated in 
this proposal. In addition, the direct sequence spread spectrum innovations associated with 
DBCS will permit multiple competing licensees utilizing the same 10 MHz spectrum, if 
carefully coordinated, or if the Commission determines an additional 10 MHz band should be 
allocated to DBCS. Accordingly, Petitioners respectfully request a national pioneer 
preference for DBCS. 
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C. DBCS Will Provide Significant Pubuc Benefits 

It is a truism that business runs on information. Our competitiveness as a nation 
depends upon each individual's ability to assimilate, manage, and leverage a rapidly 
expanding base of information. The four keys to accomplishing this are: (1) 
accessibility, or the ability to obtain necessary information; (2) timeliness, or the ability to 
receive up-to-date information; (3) functionality, or the ability to manipulate and extract 
useful data from a larger pool of information; and (4) cost efficiency, or the ability to 
perform the information processing tasks inexpensively. DBCS offers an unparalleled 
scheme for providing the information user with each of these keys. 

Importantly, however, DBCS is not simply a big business service. Since broadcasting 
is unmatched as a medium of mass communication, new small business, educational, and 
consumer users can be added at a minimal incremental cost to the DBCS provider. DBCS 
receivers arc targeted to cost under S 100.00, making DBCS a technology accessible to the 
majority of America. The DBCS user base can easily be extended from beyond the business 
world to consumers, educational users, rural users, and governmental users without 
additional infrastructure costs. Indeed, it is these "information poor* users that may gain the 
most from DBCS deployment, since serving these consumer markets can be accomplished on 
a highly cost-effective basis relative to these users' ability to pay. In contrast, today database 
subscribe rship is peaking, and industry analysts have concluded that such services are 
reaching maximal market penetration under the current data transmission infrastructure. 
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.Petitione^3 , unique DBCS network architecture, in addition to providing low-cost 
ubiquitous coverage, allows information vendors controlled end user access. Since ?*~cr^ to 
data can be regulated, the pricing of information itself can be structured to increase the 
availability of the information to a wider consumer base. For example, a news wire service 
could charge a premium for minute by minute coverage, but offer an hour by hour service to 
the general public and schools. Because the data has already been archived, offering the 
secondary service costs the information provider virtually nothing, can be provided at a 
nominal charge, and thus promotes increased availability of useful Hat^ for the public as a 
whole. Similarly, since the services provided can be user-specific, information providers 
could create preferential pricing policies for public institutions like libraries, schools, or 
government institutions. Thus, DBCS is an enabling technology that promotes data 
transmission for the vast portions of the population that arc information disenfranchised. 

V. CONCLUSION 

In adopting its pioneer preference policies, the Commission has sought to encourage 
innovation, promote efficient use of spectrum, and hasten the advent of important new 
wireless services to the public. In choosing "tentative selectees" for such preferences, the 
Commission also has focused upon the technical feasibility of bringing the concept into 
reality and the extent to which the requestors have committed substantial resources toward 
that objective. On all counts, the DBCS service and its proponents meet these strict criteria. 

DBCS will bring the exciting potential of innovative, direct sequence spread spectrum 
technology to the public. Spectrum efficiency would be maximized to an unprecedented level 
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by allowing new data broadcast service providers to use a modest 10 MHz of spectrum on a 
shared basis with incumbent 1850-1990 MHz licensees. The resulting service would provide 
for the first time a digital data superhighway that spans the country and extends the 
capabilities of advanced computing to all segments of society. 

Petitioners' principals have already invested substantial resources and expertise in 
evolving the concept into reality. Work already undertaken confirms the basic feasibility of 
the system. Tests about to be undertaken will soon verify its full capabilities. Indeed, three 
major corporations with well recognized capabilities (Omnipoint, Oracle, and McCaw) have 
combined their technological, marketing, and economic strengths to ensure that the allocation 
of spectrum will be promptly followed by the deployment of a viable and important new 
service. 
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APPENDIX A 
Technical Description of DECS Innovations 

The DBCS system provides wide area distribution of one-way data at nominal data 
rates of up to 1.5 million bits per second ("Mbit/s") to low cost, low power receivers with 
minimal disturbance to the existing Operational Fixed Services ("OFS") users in the 1850- 
1990 MHz band. In order to achieve this performance, DBCS relies on two innovations that 
combine a number of advanced technologies: 

• DBCS mobiles are compact, inexpensive, and capable of receiving multiple 
simultaneous low power 1.5 Mbit/s transmissions. 

• The DBCS network transmission system can share a 10 MHz band with 
existing OFS users without causing interference to microwave stations or 
creating significant exclusion zones. 

Each of these innovations, representing a vast increase in the state of the art, is described in 
further detail below. 

I. DBCS Receiver Technology 

Petitioners' spread spectrum system DBCS receivers are, in and of themselves, major 
pioneering innovations. DBCS receivers are the latest evolution of a continuing spread 
spectrum engineering effort initiated by Omnipoint in 1987 and, with regard to a number of 
factors, a significant improvement over the current state of the an in RF data transmission: 

• Noncoherent Signal Combining. DBCS mobiles can receive multiple 
simultaneous high data rate signals in order to provide continuous overlapping 
coverage. 

• Increased Speed and Range. DBCS mobiles provide orders of magnitude 
improvements over traditional RF digital techniques in terms of data rate and 
range. 
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• Compact Siz£. Using a gallium arsenide microchip developed by Omni point, 
DBCS's receivers will be able to be reduced to modems that will fit into 
handheld devices. 

• Extremely Low Cost, For production quantities similar to pagers, Petitioners 
expect DECS receivers to cost approximately S 100.00. 

Omnipoint's spread spectrum receivers are capable of noncoherent detection and 

reception of multiple simultaneous signals, without the use of impracticaily expensive and 

power consumptive adaptive equalizers. In contrast, traditional RF techniques operating 

without adaptive equalizers experience delay induced inter-symbol interference, which is 

caused when multiple offset signals arrive at the receiver and combine destructively. Signal 

offsets can be caused by, among other factors, multipath, shadowing, or multiple transmitter 

operations. Inter-symbol interference thus limits traditional RF techniques without equalizers 

to low speed (i.e., 50 kbit/s), or short range (/.*., several hundred feet), or non-simulcast 

operation (e.g. , traditional simulcasting techniques for continuous coverage are theoretically 

limited to 3000 baud/s). 

Capitalizing on the ability of DECS receiver to combine signals, Petitioners have been 

able to deploy DBCS as a simulcast (i.e., n = 1 reuse) system, and to use sectorized 

antennas that will provide three usable signals that will be summed by any given mobile. 

Under these conditions, as shown in f.^s. 1 1-| +„i6f > data rates up to 1.5 Mbit/s are achievable 

at relatively long distances. For example, using a transmitter height 100 feet AGL, assuming 

receivers at 6 feet AGL, and using 100.000 Watt transmitters, which could be deployed in 

areas without nearby OFS users, a data rate of 1 Mbit/s is possible even with transmitter 

spacing over 9 kilometers. In areas closer to OFS fixed operations, transmitter power must 
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be decreased to 1.000 Watt or lower, but data rates of 1 Mbit/s axe nevertheless achievable 
at 1.000 Watt with transmitter spacing slightly over 2.5 kilometers. 

Because Omnipoinfs combining spread spectrum system is able to sum the energy 
from three paths, complex cell site planning and complex continuous frequency scanning 
receivers are unnecessary. In addition, Omni point's spread spectrum system overcomes the 
cell boundary problem (e.g., hand-off or jamming), and, in fact, turns it into an advantage 
(i.e. , complete coverage at low cost). 

These features of the DBCS system are derived- from the use of Omnipoint's mature 
direct sequence spread spectrum technology. Unlike many other many other proposals 
utilizing spread spectrum technology, the technology for DBCS receivers exists — Omnipoint 
demonstrated extremely low powered, frequency agile, spread spectrum phone prototypes in 
1989, and has had years to improve upon its technology. Using a gallium arsenide integrated 
receiver and patented or patent-pending techniques, Omnipoint has developed, and is already 
supplying, a palm-sized spread spectrum data modem. This technology will be further built 
upon for DBCS and Petitioners will be able to mass produce small and inexpensive direct 
sequence spread spectrum DBCS receiver units for consumer use. 

n. DBCS Spread Spectrum Sharing 

Petitioners 1 unique, low power, direct sequence spread spectrum system is based on 
work initiated by Omnipoint five years ago. After considerable laboratory investigation, 
computer modelling, and preliminary field testing under Omnipoint's existing experimental 
license, Omnipoint has made substantial progress in validating a DBCS system capable of 
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coexistence with existing OFS users. DBCS's ability to coexist in the current OFS band is 
the result of: 

• Low Spectral Energy Density. Omnipoint's direct sequence spread spectrum 
system provides low spectral density for coexistence. 

• Triple Overlapping Coverage. Omnipoint's spread spectrum receivers have 
reduced sensitivity to multipath, and thus allow three way data transmission 
combining using sectorized transmissions. 

• Channelization. DECS utilizes a 10 MHz contiguous band of spectrum 
consistent with the existing channelization of the band. 

• DECS Transmitter Determinism. DBCS is a predictable potential interferer 
because there are no remote transmitters causing uncontrolled interference. In 
addition, because DBCS transmitter sites are fixed, and thus can be oriented to 
use orthogonally polarized antennas. 

• Graceful Expansion. DBCS's architecture will permit the system to 
accommodate higher power, wider area, and higher data rate operations if OFS 
sharers can be voluntarily migrated to other bands. 

Petitioners recognized from the outset that DBCS will have to coexist with current OFS 

users, and thus employed technology specifically engineered to have minimal impact on OFS 

operations. 

Low spectral energy density emissions provide more compatible operation. In actual 
practice, when transmitting in the direction of a co-channel OFS receiver, an exclusion zone 
invariably must be established. The required exclusion range is a function of transmit 
effective radiated power ("ERP"), signal bandwidth, and allowable apparent noise figure of 
the OFS receiver, known as the threshold elevation. Because DBCS uses a noise-like, spread 
spectrum signal, the effect of DBCS transmissions on OFS merely increases the threshold 
elevation (i.e., has the effect of reducing ES/No). As shown graphically in for a 

given transmit ERP, Petitioners' 10 MHz bandwidth signal results in 1/100 (20 dB) less 
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interference to an OFS receiver compared with a similar power, 100 kHz bandwidth signal. 
Translated into range, DBCS transmit stations can be a factor of ten rimes closer to a typical 
analog OFS receiving station. 

The governing standard for OFS interference (TSB10-E) requires no more than 1 dB 
of threshold degradation. Referring to Fq-te-i • a five mile exclusion zone is needed for a 
0.100 Wan ERP transmissions towards the OFS receiver when using the same frequency. 
Relaxing the threshold elevation standard to 6 dB, a 0.100 Watt transmitter requires an 
exclusion zone of 2.3 miles. Thus, while DBCS can operate within the constraints of 
TSB10-E, significant improvements could be gained if the threshold elevation of the OFS 
receivers can be relaxed. This, in fact, may be possible to negotiate on a voluntary basis 
with existing OFS users, taking advantage of the extensive fade margin of many OFS 
systems. A tolerance of 30 dB fade margin instead of a 60 dB fade margin (which is 
common in many actual OFS systems), 1 coupled with a lower DBCS antenna height, cross 
polarization, lower power, and a lower data rate in that sector may provide for nearly 
complete coexistence for all practical purposes even on the same frequency as the OFS 
user. 2 

Triple overlapping coverage enhances operation and protects OFS users. Because 
DBCS receivers can sum the energy from multiple signals, the DBCS broadcast network can 

' For example. Houston repr e s ents the most densely populated OFS area of the major MSAs. A 
COMSEARCH study presented on April 14. 1992 to the Telocaior TA:E Committee of all Houston OFS links 
showed average fade margins of 54.4 dB. This co r r es ponds to a mean outage time of 9 seconds per year for a 
20 nuie link. A 6 dfl threshold elevation would lower fade margin to 48.4 dB; outage time increases to 25 
seconds per year. 

: This is especially true for a data broadcast service since the probable location of the non-urban OFS 
tower is likely to be in an area without DBCS customers. 
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use more than one transmitter to provide coverage for a single point using the same 
frequency band, which has a number of salutary effects for sharing and operation. 3 Each 
transmitter site uses 3 sector antennas and the transmitter sites are laid out in a triangular 
grid. Thus, in any given area, the DBCS receiver will be in range of at least three base 
stations. The overlapping coverage and ability to combine three signals: 

• Significantly reduces sensitivity to signal shadowing effects caused by 
buildings, hills, and other terrain considerations. 

• Mitigates multipath fading effects and enhances error correction coding 
performance. 

• Triple transmission provides space diversity. 

• Spread spectrum provides frequency diversity. 

All of the above factors act in combination to reduce significantly required transmit power, 
and hence the potential for OFS interference. 

^9- depicts maximum data rate as a function of base station separation for 3 
signal combining assuming receivers are located 6 feet above ground level ("AGL"). The 
0.100 Watt ERP sectorized transmission antennas are located 100 feet AGL. When base 
stations are close together, data rate is dominated by mutual interference considerations while 
at wider separations, the system is noise limited. Even areas near an OFS user on the same 
frequency, a triangular grid of transmitters 1 to 2 km apart provides 600 kbit/s raw data rate 
at a bit error rate ("BER") of 10"*. This figure provides an effective user bit error rate 
TUBER") of 10* 10 . For transmitters extremely close to OFS stations, interference 



Figure compare* the effects of mutual interference within a 3 combining system. Tbe receiver is 

located in the fringe transmission area for the cell, yielding a worst case scenario for co-channel interference. 
A Hau, large city suburban model is used to estimate path loss from sector transmitters to mobile units. 
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considerations may require the use of 60 degree cell sectorizarion and, in the worst case, 
negotiated relocation of the user or negotiated changes to the threshold elevation of the OFS 
receiver. 

DBCS channelization is compatible with OFS operations. Petitioners have requested a 
transmission bandwidth of 10 MHz for DBCS implementation. This bandwidth, which is 
consistent with the current OFS channelization policies, allows for more robust multiple 
signal combining and ultimately provides for up to 1.5 Mbit/s wireless data broadcasting 
rates. In comparison, narrower bandwidth systems would cause significantly greater 
interference to an incumbent OFS user and would therefore require exclusion zones that 
would make DBCS impractical. As shown in , for example, a 500 kHz system 

operating outside the OFS beam path at just 100 milliwatts would still require up to a 35 mile 
exclusion zone. Omnipotnt's system at 100 milliwatts requires only a 5 mile exclusion zone 
assuming worst case free space propagation and the requirement not -to raise the OFS noise 
floor by more than 1 dB. As described, however, more realistic assumptions will allow 
Omnipoint to operate significantly closer in most real world situations. 

The determinism inherent in DBCS provides additional protection. Unlike two-way 
systems proposed for the 1850-1990 MHz band, DBCS can take advantage of the fixed 
placement of all transmitters. As an initial matter, the absence of mobile transmitters means 
that interference for a DBCS network is entirely deterministic, and can be predicted for any 
proposed system configuration. In other words, in the absence of unpredictable mobile 
transmitters that could move within feet, or even hundreds of feet, of an OFS receiver, 
DBCS interference can be calculated a priori. In addition, because DBCS uses only fixed 
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transmitters, DBCS can take advantage of polarization to provide additional protection to 
fixed OFS users. Since two-way systems cannot control the orientation of the mobile 
transmitters, this effect is unique to one-way systems. 

DBCS can gracefully expand if voluntary migration can be negotiated. DBCS has 
been designed to initiate operation at lower data rates than practically achievable by 
employing low power transmitters. If unshared spectrum can be obtained through the 
policies which the FCC, the NT1A, and the OFS industry are negotiating, the effective data 
rate for DBCS can be increased substantially. Should the opportunity arise to migrate just 
one OFS user to a frequency outside the 1850-1990 MHz band, thereby providing an 
unshared 10 MHz channel for DBCS within a city, DBCS can be upgraded automatically to 
higher data rates providing a natural expansion path for the service. 

In other words, Petitioners may initially trade off average cell spacing against data 
rate and coexistence requirements. For early service offerings, Petitioners may choose a 
lower data rate with wider base station separations. As demand grows, more base stations 
can be added to the network in a cell splitting arrangement. Alternatively, if just one 10 
MHz OFS link can be migrated to an alternative band, Petitioners can increase transmit 
power to obtain up to 1.5 Mbit/s of raw data transmission rates. Figures 2 - 4 document 
increased base station separations achievable by raising ERP to 0.500, 1.000, and 100.000 
Watts respectively. Peak data rates at close separations are not affected since performance is 
S/I limited in these regions. 

Single frequency operation, i.e., using an N= 1 re-use pattern, provides an elegantly 
simple high speed simulcast system, and is possible because of Omnipoint's spread spectrum 
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system. The system avoids all frequency handoff issues as the user moves from cell to cell 
and provides for the reception of extraordinary data rates (1000 times faster than existing 
paging systems) in receiver which will be comparable in cost {e.g., eventually targeted for a 
manufacturing cost of SI 00. 00 in similar volumes to those of historical pager sales). 

DDL Conclusion 

Thus, Petitioners have designed an advanced DBCS network: with the capability of 
providing wide area distribution of one-way data at data rates of up to 1.5 Mbtt/s to low 
cost, low power receivers. And, as importantly, the system design incorporates advanced 
technologies to permit the DBCS system to coexist with minimal disturbance to the existing 
OFS users in the 1850-1990 MHz band. These accomplishments represent a significant 
advance in the state of the radio art. 
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APPENDIX B 
Network ar chite cture 



SUMMARY 



The architecture of DBCS, as envisioned by Petitioners, encompasses several 
important concepts which taken together provide true innovation in the functional capability 
to deliver a wide range of digital information, accessible to users in a range of media (text, 
graphics, images), from a large number of information providers with a variety of 
distribution needs. As discussed earlier, Petitioners have assessed the needs of these data 
distributors and their customers and have used these needs in developing the system 
architecture. The common denominator for these information providers is to distribute their 
data to a number of users, i.e., point-to-multipoint distribution. Additionally, they have a 
range of needs in the areas of pricing, administrative control, security considerations, level 
of data integrity, and level of imperative in immediacy of delivery. 

Therefore, the key element in the Petitioners' configuration is the concept of a 
one-way broadcast network, which is a highly efficient data distributor, supported by a 
number of systems/components which provide a high level of flexibility in meeting the needs 
of the data vendor and the end-user. 

A. Overview of Information Flow 

As shown in Figure 1 , DBCS information flow is conceptually quite simple. A 
company wishing to distribute its information delivers digitized information and a list of 
recipients. Petitioners combine the company's data with the data from other information 
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providers at a central site. The data is addressed, encrypted and compressed. Then it is sent 
in a packerized stream via satellite or another economical medium to receiving sites in at 
least 100 major markets nationwide. 1 

In each market, the data is re- transmitted via tower-based spread spectrum techniques 
broadcasting at very high speeds to individual, end-user receivers at customer sites. These 
receivers are small, very low-cost, individually addressable units of a proprietary design. 
The receiver may be a board in a personal computer or it may be on or part of a Local Area 
Network ("LAN") server. It can also be integrated directly into a small handheld display 
divice, portable computer, or, in fact, almost any digital appliance. 

The receiver decrypts and decompresses the data and presents it in a processable 
format to the user's computing device. The DECS Electronic Librarian™ could then 
automatically route the data as an "update" to an existing "Library" of information, present it 
to the user (or users) for review or action, or deliver it to one or more mailboxes on a LAN. 
The encrypted archiving system can support user polling and a wide variety of billing 
options. 

B. Key Concepts 

Four attributes of the system embody its uniqueness (innovation). They are: 

• DBCS's structure as a one way broadcast network. This topology is very 
efficient as a mechanism to distribute large volumes of data and conserve 
scarce spectrum resources. 



Users in areas t>ot covered by these sices can be served by VSAT installations. Due to the low 
probability of line of site or siting Acquisition problems, it is anticipated that rural users could H receiving 
equipment relatively inexpensively. 
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DBCS's ability to offer vendors a variety of options for timing of delivery. 
The and determinism of arrival can be adjusted from "immediate" to "delayed" 
within contracted time frames. Information vendors have varied needs in 
terms of the relationship of immediacy of delivery to the value of the 
information. For example, stock price information, on which traders are 
relying to trade in markets worldwide, needs to have a guarantee of 
instantaneously delivery. However, software upgrades will be perceived as 
being delivered in real time if delivered within a few days. Vendors will be 
able to choose among a number of options for both time frame delivery and 
guarantee, with appropriate pricing. 

DBCS's system of distributed administrative control. Vendors will be able to 
select from a variety of options for allowing users authorization to receive 
their information. These opdons will support the vendor who wishes to 
provide potential customers with the capability to make an impulse purchase 
by allowing the user's terminal to authorize access. It will also support the 
vendor who wishes to screen a potential customer for authority to access the 
information, a credit check, or require pre- payment before any authorization is 
made. 2 

DBCS's multiple levels of system security. This will insure data integrity and 
prevent unauthorized access. The components which make up the security 
system include the way in which the data will be assembled for transmission, 
the spread spectrum technology itself, the proprietary design of the terminal 
units, and the encryption of the message header. The encryption scheme can 
use a proprietary methodology with results equal to or exceeding those of a 
DES Key encryption system. Information providers will have the option of 
having their entire message encrypted. 



A good analogy of this process is the credit card smbo fixation scheme, where the dollar vsJue of the 
charge and the merchant's willingness to tske oc some of the risk sets up sn approval process. A ten dollar 
charge for a can of paint may be authorized without any contact with the processing center, but the purchase of 
an expensive stereo may require contact through the processing center to the actual card issuing bank. 
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II. FUNCTIONAL DESCRIPTION OF NETWORK COMPONENTS 
A. Data Collbctios 

Petitioners will employ data collection centers distributed nationwide to optimize 
communication with and to act as an interface to information vendors. Data collected at the 
centers will be then delivered to the main center for final compilation into the data stream. 

1. Regional Data Collection Centers 

Petitioners will maintain regional vendor interface centers across the country. In 
addition to providing local customer support and technical assistance, these centers will 
perform a number of other processing functions: 

• Regional centers have the ability to accept data on a variety of media, 
including electronic transmission on dedicated or dial up lines, ma* tape or 
CD-ROMs. ^' 

• Regional centers will maintain subscriber records for vendors. 

• Regional centers act as an authorization point for new users. 

• Regional centers provide information sources with complete output vendor 
accounting information on the vendors' choice of media. 

• If requested, regional centers encrypt vendor information. 

In short, the regional centers are a complete interface to information vendors, obtaining all 
information necessary to output a data stream to the National Collection Center. As an 
integral link in the DECS network, regional centers will have redundant hardware to insure 
adequate backup capabilities. 
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2. Main National Collection Center 

Pctiuoners* main collection center essentially acts as an aggregator, collecting the 
individual feeds from the regional collection centers and integrating them into a single 
stream. In order to accomplish this, the national collection center must perform all of the 
functions of the regional centers and, in addition, a variety of other functions: 

• ^L na , d0naI coUection Prioritize all incoming feeds for appropriate 
scheduling and to meet delivery guarantees. 

• The national collection center will hold a user profiles containing the 
subscription and authorization levels set by vendors. 

• The national coUection center will combine the various feeds into a data 
stream, encrypt the header information, and compress the stream. 

• The national collection center will be responsible for archiving vendor's 
lnformanon. 

Like the regional centers, the national coUection center wiU have redundant hardware to 
insure adequate backup capabilities in the event of primary system failure. 

B. Data Transmission 

1. Satellite Transmission 

The primary data stream wiU be uplinked to a sateUite for transmission to the 
Terrestrial Translators (and individual VSAT receivers). Petitioners wiU minimaUy employ a 
secondary Unk to the terrestrial translators to provide redundancy in transmission. Tnis 
could be a transponder on a second sateUite or. in Umited cases, an alternative land line link 
with high speed data transmission capabUiry (e.g., T-l, T-3, or Frame Relay). The receiving 
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site will be able to perform redundancy reconciliation to insure the highest degree of data 
integrity possible. 

2. Terrestrial Translators 

Terrestrial translating sites in at least 100 metropolitan markets will receive the data 
stream via a VSAT receiving dish and repeat broadcast the data using the Omnipoint spread 
spectrum technology described in Appendix A. DECS terrestrial transmitters will provide 
complete and redundant coverage of areas with any significant population density. Actual 
coverage and siting details are dependent, however, upon the OFS use of the spectrum 
allocated since DECS can utilize a range of transmitter powers - and thus provide larger or 
smaller reliable service areas - ranging from 100 milliwatts to hundreds of watts. 

C. Wireless Recovers 

Users will receive the data stream via an addressable wireless radio frequency 
receiver. The wireless receiver employs a proprietary design and will filter the incoming 
data stream in real time. The receiver will identify and "pick off* those packets identified as 
destined to its unique, secure address and will be able to decompress and decrypt those 
packets of broadcast data. The receiver will then create a record of messages received 
utilizing the packet header information. Importantly, each DECS receiver is capable of 
receiving information from a variety of information vendors, i.e., the user can be on multiple 
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distribution lists. The ability to receive any particular data stream, of course, will be 
controlled by the access authorizations designated by vendors. 3 

Using Omnipoinfs gallium arsenide technology, DBCS receivers will be small, 
secure, low-powered units which can interface with the user systems. DBCS receivers can 
be a card or adapter in an IBM or compatible (ISA, EISA, or MCA bus) computer, Apple 
Macintosh Nubus, or other computer manufacturer proprietary system. For networks, 
modified receivers will feed a server or an individual user on a local area network employing 
Ethernet (Transceiver, Thinnet, or lOBaseT), Token Ring, Apple Local Talk*, or other 
computer manufacturer proprietary LAN technology. The connection to the user or server 
computer can also be through SCSI, serial (RS-422/232), or other computer manufacturer 
proprietary interfaces. And, since DBCS utilizes small and low power consumption 
receivers, DBCS receivers can be built into a portables, e.g., a notebook computer, a laptop 
personal computer, or a single-application discrete device of very small size. 

D. User Agent Software 

Petitioners will offer users a powerful user agent software package 4 to assist in 
management of the data received. This software package will act as an -Electronic 



User s wUl reeve notice of the availability of information resource* trough fr« announcements on 
the serv.ee or through other direct .Quotations. User. couJd then key in the code of a resource they are 
iDtcrcstrd in receavmg aod automatically go* the next transmi«oo. During the next reconciliation cycle the 
rrce.vcr would transmit notice of the tranaactioo to the accounting system which would in turn report the new 
user to the information vendor. Alternatively, the user can order service by telephone or though other agents. 

Kf< - '7?"*?™ « Cacric » fuoCDoc * lj ^ • CTO " platform,, e.g. , personal computer. (Macintosh. 

MS-DOS & Window,. OS/2), minicomputers, workstMona (Sun. Apollo. DEC), mainframes, etc. Petitioners 
will also license the specifications for manufacturers who wish to build proprietary software for the system and 
encourage others to design and market software for the system. 
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Librarian**- - checking data in, routing it to the correct storage space, purging old versions, 
and alerting users to items which require immediate attention or which may be of interest for 
browsing. Examples of ways in which the Electronic Librarian™ would function include 
using tabular data to update a financial profile or a farmer's commodity list; highlighting 
news stories that discuss an item in a user's field of interest; presenting abstracts of books in 
the user's field of interest; delivering periodicals, including photographs and advertisements; 
automatically creating a cross referenced database and bibliographic information on selected 
stored material; automatically updating stored documentation, thereby negating the need to 
'replace sheets' in order to keep manuals complete and up to date; routing incoming 
electronic mail to the user's electronic mailbox (or 'chc LAN's mail system if the receiver is 
on a server with mail); routing facsimiles to an output device; accepting and storing binary 
files including software, knowledge database indices, and application files; installing (or 
holding for approval) updates to existing software, as designated by the user. Although the 
great reduction in mass storage cost has resulted in hard disk drives with capacities greateer 
than 1 gigabyte today and perhaps 10 gigabytes in a few years, the user agent software will 
incorporate a storage priority system, customizable by the user, to prevent overload of the 
user's storage device. The user agent will also employ storage *:xovery mechanisms. 

E. Backhaul Mechanism 

Each DECS receiver will have a backhaul mechanism to support the transmission of 
accounting and usage information back to the network's system administrator. Fixed site 
receivers will be able to output their information using a conventional modem connection 
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with a voice grade dial out line; v ia electronic media; via optical character recognition 
(-OCR") legible paper report, that can be mailed to Petitioners by the user; or through other 
means. Nomadic or portable receivers also could output their information using a wireless 
RF backlink, e.g., Cellular Telephony Data Packet Switching, Arris*, RAM Mobile Data 
Service, or similar systems. 

m. FUNCTIONAL DESCRIPTION OF OPERATIONAL FEATURES 
A. System and Data Security 

Data Integrity. Petitioners' architecture will be able to offer the delivery of highly 
reliable data using forward error correction over the spread spectrum technology outlined in 
Append* A. For those vendors requiring even higher accuracy levels, additional forward 
error correction algorithms can be employed. In addition to the advantages of spread 
spectrum. Petitioners' architecture, which minimizes nodes through which a message passes, 
enhances the potential for transmission of a clean signal. 

Receiver Authentication. The DECS data stream will be sent in packets with 
encrypted message headers addressed to individual receivers. The level of encryption will be 
equal to or greater than that employed in DES key systems. Vendors will optionally be able 
to encrypt their entire messages. 

The nature of spread spectrum makes it very difficult for a would be information 
pirate to intercept and capture a DECS signal. Additionally, the proprietary nature of the 
receiver with its embedded chip design presents another hurdle to an unauthorized user. The 
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receiver is able to read and decrypt the header information. Receivers will be able to be 
"turned ofP with a message sent through the data stream. 

B. INFORMATION ACCESS^ 'SUBSCRIPTION SYSTEM 

DBCS will provide vendors with a rich array of options for providing access to 
information for current and potential users. Some examples include: 

• Vendors can choose to provide their data on a one time or subscription basis. 

• Vendors will be able to choose whether a user may arrrss the vendor's 
information at an authorization level controlled by the receiver, at a higher 
level within DBCS, or by the vendor itself. 

• Users will be able to set up a filter to screen out unwanted solicitations and 
data. 

• Vendors may include a promotional piece on the information they have 
available to a browsable "newsline" available to all users or users who fit a 
specific profile. 

C. accounting System 

Accounting for the DBCS system involves two elements, rendering accurate records 
of end user access to information providers' data and tracking information providers' use of 
the network for billing purposes. In developing records of access, DBCS's accounting 
system will be fed by data received from the regional centers, which includes both subscriber 
list information and information transmitted over the backhaul links regarding specialized 
access billing. The collection centers also provide the data necessary to determine bulk data 
input from vendors and vendors' use of specialized billing or priority categories. 
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The DECS architecture has been structured as flexibly as possible for information 
providers and end users. By relying on Oracle's extensive tools for managing information, 
however, this flexibility also will be manageable for all vendors, whether long term regular 
users or one time only users. On the information user's end, the same types of software 
resources are used to maximize the ease of use and the utility of the data to the computer 
user. Thus, the architecture itself is designed to maximize options and promote productive 
use of information. The DBCS Architecture is shown in Fig. 17. 
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APPENDIX C 
Market Demand Statistics 

I. MARKET OVERVIEW 

The Petitioners have held extensive discussions with a number of potential 
information providers and data vendors over the last two years. These discussions have been 
instrumental in shaping the design of the product and assisting Petitioners in sizing the 
potential market for DBCS. 

It is estimated that the market potential has two identifiable categories. First are 
situations where use of Petitioners' or other DBCS network would replace a current method 
of data distribution. The major line items of this category are: 

• Data transmissions which currently take place over telephony lines where 
DBCS transmission would be lower in cost anchor faster. 

• Cost of materials and distribution via magnetic medium, for example floppy 
disc software and CD-ROMs (including documentation). 

• Printing and distribution of business and professional periodicals. 

• Printing and distribution of maintenance documentation and other company to 
customer data. 

• Printing and distribution of governmental information. 

The cost of distribution of data in just the above mentioned categories is estimated to be in 
excess of S33.5 Billion annually. If a DBCS network is not put in place, and conservatively 
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estimating the situations where distribution via DBCS would be appropriate, 1 data vendors 
will spend the following sums (in aggregate) distributing their data in the next five years: 
REPLACEMENT MARKET (S x 1 ,000,(300,000) 



I 1993 


1994 


1995 


1996 


1997 


II S3 - 57 


S3.75 


S3.94 


$4.16 


S4.39 



DBCS would provide significant savings for these information providers. In fact, Petitioners 
believe that the savings in distribution, the greatly increased operating efficiency gained by 
the speed of DBCS delivery, and the ability to address users' terminals individually, will lead 
to the creation of new markets for information services. While it would be difficult to 
quantify this second category of potential opportunity with any accuracy, these new 
applications are the ones which will enable those businesses and individuals who are 
currently information disenfranchised. 

The development of new applications, will of course take time and require changes in 
human behavior. Many emerging technology concepts have not been sustainable because 
they have not had an immediate application, and therefore revenue stream, on which to draw 
and with which to introduce users to the new concept. With its significant potential revenue 
base in immediately deployable applications, 7 Petitioners' venture will have the 
where-with-all to sustain itself, both from a financial and user acceptance standpoint. 

While DBCS transmission could functionally replace a higher percentage of current distributioo costs, 
the Petitioners recognize that alternative methods do exist, although generally at higher cost or lower speed, and 
that for a variery of business reasons information providers will continue to utilize current methods. Moreover, 
the Petitioners believe that in the case of on-line transmission services, some applications will continue to 
require a two-way real time connection. 

Petitioners have held serious discussions with a number of potential customers and, in fact, have signed 
letters of intent with major vendors. 
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H. EXAMPLES OF POTENTIAL NEW APPLICATIONS 

The following are examples of potential new distribution applications where a DBCS 
network would provide significant gains in productivity, efficiency or provide a n eed ed 
public benefit. 

A. Applications in the Schools 

Apple Computer estimates that there are 3-3.5 million personal computers deployed in 
America's K-12 public schools. However, all this equipment is not being leveraged for 
learning. Children love computers and can devour large varieties of programs but find 
themselves isolated on the island campuses. In an age when connectivity in PCs is spreading 
through businesses and enabling the sharing of thoughts, data, ideas, and software, few 
schools can afford the telephone lines to enable them to access the vast resources of 
information currently available on-line. In this age of cost cutting, acquisitions of textbooks 
and reference materials are some of the first things to go. Some textbooks in use today still 
have Lyndon Johnson as President. 

Schools also need a variety of fixed cost services in the areas of administrative 
suppon, teacher education, and curriculum focus. DBCS could more efficiently, and cost 
effectively, deliver the majority of the estimated S108 million dollars in software schools 
purchased last year. Additionally, DBCS could provide a more efficient marketing tool for 
software developers enabling them to reach the educational market with less promotional 
expense. Schools will also become an attractive 'aftermarket' for other information 
distributors. 
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B. A New application for the Center for Disease Control 

Currently, the Center for Disease Control ("CDC*) updates its 3000 reporting entities 
weekly on disease statistics and treatment protocols via paper. DBCS could provide CDC 
with a more efficient distribution vehicle and make it easier to reach their traveling 
clinicians. Additionally, as their charter is broadening to provide information to a wider 
audience in the wake of the AIDS epidemic, DBCS could provide a low cost distribution 
system to hospitals and primary care physicians. Similar services are easy to imagine for the 
many branches of federal, state, and local government, and for military and civilian 
organizations. 

C. Distribution of Maintenance Manuals 

Each year, over 1,000 different manuals are printed and distributed on the 
maintenance of just the U.S. aircraft fleet. Over 1/2 million pages of updates are sent out 
and inserted into those manuals. The use of Petitioners' network and user agent software 
could increase productivity dramatically. Manuals, stored electronically, automatically have 
updated information inserted and out of date material deleted. The process takes hours from 
issuance of new material instead of the current weeks. Important new changes are 
highlighted. Safety is enhanced, costs are dramatically lowered and the possibility is of error 
is greatly reduced. Similar systems could serve other industries with complex documentation 
needs, including military equipment, vehicles, farm and construction equipment, 
manufacturing, and computers. 
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D. Library Collection kntlwcemext 

In 1990 libraries spent over S766 million on periodicals, microform, machine readable 
formats, and database fees. Yet the combined pressures of budget and storage space 
constraints are causing many to cut back in expenditures, particularly in these non-classic 
segments. Interlibrary loans, despite electronic networking, can often take weeks to fulfill a 
request and then the lending library must do without the document. DBCS, by decreasing 
distribution costs and lowering the overhead of inventorying material could ease some of 
these burdens. 

This situation exists for a wide range of libraries from small public libraries, to large 
university research centers. In fact, the Association of Research Libraries reports that its 94 
members bought 570,000 fewer books in 1989 than in 1985. This reflects in part a reaction 
to the 51% increase in the price of professional and technical journals within the same 
period. The University of California Library at Berkeley reports that it has canceled 
S400,000 worth of journal subscriptions. As the market for these publications contracts, they 
are forced to raise prices even faster to cover their overhead or go out of business. 

The net result is both a threat to our overall educational level as a society and to our 
industrial competitiveness. DBCS offers a number of ways to improve the situation. First, 
current on-line database providers could offer their services less expensively by downloading 
their "search trees" and allowing users to search off-line. Second, DBCS provides a more 
cost effective distribution system for current information providers, including publishers of 
special interest journals. "Third, by lowering the overhead of information providers, and 



WO 96/06490 



PCT/US95/10387 



94 

providing a more efficient marketing vehicle (direct to the potential user) providers can 
economically offer their product to a wider user base. 

E. Software Distribution 

The Software Publishers Association reported sales of $5.7 billion of prepackaged 
software in 1991. Software, the programs that drive computers, is still primarily distributed 
via trucks, warehoused, and mailed, and essentially distributed outside of the age of 
electronics which it represents. Software publishers arc developing new editions of their 
product on an ever more rapid schedule - offering users new features and potential increases 
in productivity. However, the overhead of marketing and distribution remains nearly as high 
for updates as it" is for the initial product. 

Users of on-line consumer services have embraced receipt of software on-line. A 
recent survey by the Interactive Services Association reports that over 75% of users regularly 
download software. Unfortunately, the size and complexity of this software is limited by the 
speed of transmission. This limitation restricts the use of color, graphics, and other 
multimedia resources. Additionally, both consumers and business currently lack the ability 
to have their software updates automatically provided to them. 

A DBCS network can empower users with new opportunities and lower the cost to 
publishers. The Petitioners estimate that if publishers relied on DBCS for just one in five 
upgrades of currently published software, it would reduce S106 million in costs. 
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m. Replacement of Current On-line Distribution Methods 

The following examples are ones which currently utilize two-way communications 
systems. DBCS would offer providers in the following applications an alternative for 
delivering their product where the majority of the volume of their information is flowing in 
one direction and the providers are seeking to reach a number of users; i.e., point-to- 
multipoint. 

A. Electronic Mail 

The Electronic Mail Association ("EMA") estimates that as of the end of 1991 there 
were 8.9 million users of electronic mail sending 2.3 billion messages annually. EMA also 
estimates that the number of users will grow to 27 million users sending 14.3 billion 
messages in 1995. IDC has estimated the combined revenues of the public mail networks 
(which cany less than half of all message volume) to have exceeded S435 million in 1991. 

Petitioners conservatively estimate that over 1.1 billion of these messages could more 
economically be sent using a DBCS network. Indeed, any message sent to more than one 
recipient is more efficiently conveyed by a broadcast system. DBCS would be a very 
efficient vehicle for delivering mail to recipients who are located at a different location (both 
internal and external to a company) from the sender. It would also be very cost effective for 
delivering broadcast messages, messages with long distribution lists, and messages which 
contain a mix of electronic mail and facsimile mailboxes. It is anticipated that a DBCS 
network would utilize the existing and emerging X.400 and X.500 standards for message 
routing and directory formatting. 



WO 96/06490 



PCT/US95/10387 



96 

B. Online News and Services 

Communications Trends, Inc. estimates that over SI 1.8 billion dollars was spent on 
electronic and printed databases last year. A significant expense for these publishers is 
distribution of their product. For example, many of the news wire, financial, and currency 
trading services utilize two-way telecommunications schemes, including expensive leased line 
connections, to deliver their data. These schemes require the information providers to 
maintain a substantial overhead to support the individual virtual connections with each 
receiver. Yet, the real data is only being sent in one direction — to the users. Even those 
information providers who are able to employ VSAT and FM sideband technology, and 
thereby solve the point-to-multipoint issue, must maintain alternative systems because many 
users are not technically able to receive VSAT or FM signals. One of the potential 
customers contacted by the petitioners indicated thai he never thought that being so heavily 
enmeshed in the telecommunications business would be part of his business plan, but that 
telecommunications is an integral part of getting product to his customers. 

Additionally, large mainframe based databases use an enormous amount of computer 
resources in the search process. With the dramatic reduction in the cost of personal 
computer based storage a user could perform this search much more efficiently off-line. 
However, until now, there has been no way of efficiently updating the "search tree." The 
DBCS scheme envisioned by the Petitioners would allow the information provider to update 
the search tree as required on the user's computer, thereby giving the user timely information 
and putting the database operator back in the business of providing data. 
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Other online service providers are limited by the speed of the deliver vehicles 
available to them, and they are reliant on users to dial into their services to get updates. 
With users on a DBCS network, providers will be able to flag important stories to their 
attention and economically provide the kind of data transmission throughput that will allow 
even average users, including small businesses, to receive information real time. 

A DBCS network will also offer advantages to information providers who currently 
publish their database* on paper or electronic media. Today these providers must republish 
and re-distribute their work in order to keep it up to. date. This represents significant 
overhead to the provider and makes for an often out of date document for the user. Using 
DBCS, database publishers will be able to efficiently :md continuously update their material. 
They will also have an efficient marketing vehicle to their current and potential user base to 
inform them of new products and headlines. 

If just one in five of the information providers who could viably use a DBCS network 
for product distribution did so, they would significantly lower an estimated S829 million 
distribution expense. Additionally, by lowering the provider's overhead and therefore the 
ultimate cost to the user, the Petitioners strongly believe that information providers will be 
able to broaden their market and make their information accessible to businesses and 
consumers who arc currently without efficient information resources. 
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IV. COMPETITIVE STRENGTHS OF DBCS 

We believe thai the current methods of broadcasting data - FM sideband, VBI, 
VSAT, leased lines and paper each have limitations that DBCS overcomes. The constraints 
of these alternatives are summarized as follows: 

FM sideband currently offers data rates of 19.2 kbit/s (orders of magnitude slower 
than DBCS), and has difficultly penetrating buildings, often requiring use of external 
antennas. 

• VBI almost invariably requires an external antenna, provides data rates of 9.6 
kbit/s per line, with few lines being available and no real potential for 
nationwide service. 

• While the costs of VSATs have come down enormously, urban area 
installations range from SI, 000 to S 10,000, with new installations difficult or 
impossible in many urban areas due to line-of-sight considerations. 

• Leased lines are point-to-point and expensive when used for distribution to 
multiple users. 

• Papers limitations have been discussed, supra. 

In comparison, DBCS is generally low cost and docs not suffers from requiring external 
antennas, requiring site leases, limited capacity, or limited in-building coverage. 

V. CONCLUSION 

As shown, information providers' needs for DBCS services is immense. The DBCS 
network not only provides value by replacing a huge, multibillion dollar market for the wide 
area data transmission of bulk data that is currently being served inefficiently and 
expensively, the service also enables a rich variety of new services that are specifically 
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enabled by the speed and cost effectiveness of DBCS. And, u nlike many new service 
proposals that must wait for consumer acceptance before becoming viable, DBCS can grow 
from a readily accessible user base replacing existing services into the market for new 
services comfortably and without great initial losses. 
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Onnipoint requests a Pioneers Preference for a license 
to operate PCS voice and data services based on its significant 
original engineering and networking work. Omnipoint ' s 
innovations have resulted in numerous firsts in the actual 
implementation of equipment and products which will significantly 
speed up the deployment of PCS in the complex U.S. regulatory 
environment. Our many- technical innovations will be outlined 
below, but perhaps the most significant difference characterizing 
our request from that of others is that over the past five vears 
we have actually designed, prototyped, field tested, and now 
productized for delivery to experimental license holders 
revolutionary spread spectrum wireless pocket phones and base 
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stations * These pocket phones can now operate in both the 
emerging technologies band (16 50-22 00 MHz) which will allow PCS 
deployment on a shared licensed basis, as well as in the existing 
spread spectrum bands (902-928 MHz and 2.4-2.4835 GHz) for 
unlicensed applications. 

Omnipoint's system produces dramatically less 
interference to other users of the same frequencies and provides 
for an extremely fast track method of deploying PCS services. 
Omnipoints system is significantly different from other spread 
spectrum system and is designed for shared operation with 
existing Operational Fixed Services (OFS) . As important, the 
Omnipoint Spread Spectrum Microcell system has been designed and 
tested for use with both public and private networks independent 
of the specific network architecture. These include the Advanced 
Intelligent Network (AIN) , cable TV systems, as well as PBXes, 
Centrex, and Key .Systems. Omnipoint's handheld spread spectrum 
phones and microcells have been field trialed since 1990 in 
conjunction with many different potential infrastructure 
providers including Bell Atlantic, Pactel, Ameritech, Cox 
Communications, and many others. Omnipoint's equipment has been 
tested in over 4 0 cities and in virtually every type of building 
and operating environment. 

In December 1990, Omnipoint conducted at Bell Atlantic 
Network Services' beta site the first wireless PCS test of the 
Automatic Location Tracking feature of 'AIN for routing outbound 
calls to mobile users. In addition , ' Bell Atlantic and Omnipoint 
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began initial Telepoint (i.e. . inbound only) testis which were 
summarized in our first experimental license report.. 

After nearly IS months of joint field testing, Bell 
Atlantic has contracted with Omnipoint for the purchase of 
several thousand units for PCS market trials using the unlicensed 
spread spectrum bands later this year. Pactel, Ameritech, and 
Cox, among others have also purchases Omnipoint 1 s phones. In 
conjunction with Cox, Omnipoint' s phones were used to make the 
first PCS call over a cable TV network, placed to Chairman Sikes 
in February of this year. 

Omnipoint has also conducted its own tests within the 
Bell Atlantic territory and in every other region of the U.S. In 
particular, Omnipoint has done extensive field surveys in New 
Jersey. If awarded a Pioneers* Preference in the requested area 
of Northern New Jersey, Omnipoint would be able to have initial 
limited PCS services operational before the end of 1992. 
Omnipoint and Bell Atlantic have signed a Letter of Intent under 
which Omnipoint will be able to purchase custom combinations of 
AIN features, microcell interconnection to the PSTN, and other 
PCS related network and operator services from Bell Atlantic. ( x ) 

Omnipoint will be able to use any transport layer to 
access these AIN features, including cable TV networks if 



1. These AIN services are similar to those being trialed in 
conjunction with the cellular operator trials in Pittsburgh, and 
are a superset of the ones originally tested by Omnipoint in 
December 1990 with Bell Atlantic. 
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Omnipoint chooses . Thus, PCS independent of a particular network 
topology can be deployed and showcased. 

We feel that it is critical for the future success of 
PCS that independent service operators such as Omnipoint be able 
to have access to the enormous investment in infrastructures and 
networking intelligence incorporated into the Public Switched 
Telephone Network. Omnipoint 1 s proposal will lead the way in 
demonstrating how this will be feasible. 

If awarded a Pioneers Preference, we will offer our 
Common Air Interface (CAI) as an open standard. More 
importantly, we will work with the relevant industry groups to 
establish a standard even if it means changing our own 
architecture in major ways. 

CORPORATE BACKGROUND 

Omnipoint Corporation was incorporated in 1987 and 
specializes in developing spread spectrum communications systems 
for a variety of end user applications requiring wireless voice, 
data and video links. Omnipoint is a privately held company with 
financial backing from the investment banking firm of Allen & 
Company, which was the founding investor of MCI. 

with over 3 00 person-years of experience in spread 

spectrum technology, Omnipoint has assembled one of the most 

knowledgeable teams of engineers and scientists in the industry. 

Accomplishments of Omnipoint personnel include: 

• Development of the first producible spread 
spectrum system, 
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• Design of the Fleet Satellite Conaunications 
Network , 

• Design of both hardware and software for the "next 
generation" National Security Agency encryption 
chips , 

• Authoring the first textbook on spread spectrum 
theory and application. 

In addition to voice products, Omnipoint also provides 
wireless data communications products to companies such as the 
world's largest supplier of communicating hand held terminals. 
Additionally, teamed with Texas Instruments, Omnipoint was chosen 
by the Chicago Board of Trade and the Chicago Mercantile Exchange 
to develop a prototype wireless communications system for their 
automated commodities trade reporting system. Omnipoint was 
selected after a competitive bidding process involving over one 
hundred vendors. 

Omnipoint began designing the technology which became 
incorporated into the equipment described in this document in 
1987. In August 199 0, Omnipoint applied for an experimental 
license (awarded in December 1990) call sign KF2XEH, File Number 
162 9-EX-PL-9 0 , to begin field testing of its spread spectrum 
equipment. Omnipoint selected the unlicensed spread spectrum 
bands (known as the ISM funds) for its experiments since at the 
time these were the only frequencies available for eventual legal 
deployment. 

Omnipoints system uses a gallium arsenide integrated 
front and receiver which can operate from 8 00 MHz to 2.5 GHz . 
Omnipoint has performed extensive tests of its technology in the 
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9 00 MHz bands, and confirmed its operation at 2-4 GHz. These 
experiments are documented on its experimental reports. 

On July 29, 1991, Omnipoint applied for an experimental 
license at 1.85-2.2 GHz. This license was not granted until 
March 12, 1992, call sign KK2XCV, File Number 2174-EX-PL-91 , and 
therefore no formal experimental report is due. However, because 
we began development of our 1850-2200 MHz equipment under our 
contract with Ameritech for their experimental license, we were 
able to begin field testing of our equipment immediately upon the 
grant of our 1850-2200 MHz license. This work resulted in the 
first 1850-2200 MHz handheld spread spectrum phone. 

Preliminary results indicate that the phones perform as 
well at 18 50 MHz as at 900 MHz. Limited experimental results are 
included in our most recent experimental report and referenced 
herein. 

CHALLENGES FACIHG PCS 

Three major technical challenges dominate the issues 
facing the PCS industry's implementation of new mobile voice 
services : 

I. How to migrate PCS into the Emerging Technologies 
bands on a non-disruptive co-existence basis with 
the existing OFS users; 

II. How to provide spectrum for both licensed MSA 
services as well as unlicensed equipment 
purchases (for PBXes, residential phones, etc) and 
allow consumers to use the same handsets for both 



WO 96/06490 



PCT/US95/10387 



106 

applications on an as needed basis without: 
disruption to either the PCS operators or the OFS 
users ; and 

III. How to provide for a Common Air Interface (CAI) 
that can operate with different network 
topologies (one way, two way, PSTN Central Office 
based networking, AIN, SST, distributed mobility 
management networking, cable TV networking, etc.) 
Ctanipoint has pioneered solutions to all three of these 
challenges and is working with the major industry standards 
committees to achieve the beginnings of consensus. 

OMNIPOINT'S PIONEERING SOLUTIONS 

The following summarizes Omnipoint's major 
developments. These innovations are not just proposals, they are 
also embodied in operational pocket phones and microcells 
developed over the past five years and now being tested by 
several independent potential PCS service providers. 

I. Omnipoint's System Will Allow PCS to Migrate into 
the OFS Bands With the Least Disruption and 
Maximum Flexibility. 

A. Omnipoint's Spread Spectrum System Allows 
For Exclusion Zones Around the OFS Towers 
That Are 10 to 10 0 Times Smaller Than Eaual 
Powered Narrowband Svstems . 

B. Omnipoint's Spread Spectrum System Uses 
10 MHz and Sub 10 MHz Frequency 
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Channelization with Frequency Agility to 
Match the Existing OFS Channelization Scheme 
and Minimize Interference. 

C. Omnipoint 1 s Spread Spectrum System Uses Time 
Division Duplexing (TDD) and is Capable of 
Combining TDD with Frequency Division 
Duplexing, Thus Allowing Maximum Flexibility 
of Operation in the Contiguous Niches of 
Geographically Unused OFS Spectrum. 

D. All of the Omnipoint Handset and Base 
Station Channels Combined in a Cell Produce 
Less Interference Than One Traditional 
Narrowband FDMA Handset Channel. 

Omnipoint 1 s System Provides an Immediate as well 
as a Long Term Solution to the Problem of Finding 
Spectrum for Both Licensed and Unlicensed 
Operation of the Same Handsets. 

A. Omnipoint' s Handsets Can Switch Between the 
Emerging Technologies Band (1850-2200 MHz) 
and the Existing Unlicensed Spread Spectrum 
Band (2400-2485 MHz) . 

B. 8 0 MHz of Spectrum is Available Immediately 
in the Unlicensed 2 . 4 GHz Spread Spectrum 
Band for At Least an Interim Part 16 
Allocation for PCS. 
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Parr 16 Type Operation is Not: Feasible on a 
Coexistence Basis with the OFS Users. Part 
16 Type Operation in the OFS Band Will 
Require a National Allocation and Band 
Clearing of the Same Frequencies in All 
Cities- A Minimum of 40 MHz is Needed for 
Unlicensed Equipment, Which Could Take Years 
to Reallocate From OFS, Especially Given 
Licensed PCS Priorities and the Requirement 
to ^a^ or Relocation. 

Omr.ipoint's Handsets and Base Station Can 
Operate Anywhere in this Spectrum or in 
Other Nearby Bands if Reallocation Occurs 
Later, Thus Providing a Long Term Migration 
Path for Unlicensed Applications. 
Onnipoint 1 s Spread Spectrum System Can 
Operate in an N=3 Frequency Reuse Pattern, 
and Even N-l (With Less Capacity) . 
Omnipoint 1 s System Can Maintain this Reuse 
in a Three Dimensional Frequency Space Such 
as an Office Building- Narrowband Systems 
Require an N=25 Reuse Pattern and In Some 
Cases up to N=5 0 for use in such Three 
Dimensional Environments . 
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III. Omnipoint' s Base Station to Network Interface is 
being Designed to be Independent of Network 
Topology. 

A. Omnipoint 1 s system uses signalling rates and 
interfaces compatible with ISDN , SS7 , and 
IS-41 like network architectures. 

B. Omnipoint 1 s Base Stations have been 
interconnected to the PSTN directly as well 
as over the Cable TV Network. 

C. Omnipoint 1 s Base Stations have been used in 
wireless Centrex and wireless PBX and Key 
System tests for successful private premises 
operation. 

OVERVIEW OF OMNIPOINT e S PIONEERING INNOVATIONS 

Before detailing specific technical accomplishments we 

would like to present our implementation achievements: 

First handheld, battery operated, direct sequence 
spread spectrum phones ; 

• First 18 50-2200 MHz spread spectrum handheld 
phones ; 

• First time division duplexed spread spectrum 
phones (this was a major spread spectrum 
innovation and is critical for sharing in 
environments like the OFS 1850-2200 MHz bands, as 
will be detailed below) ; 

• First frequency agile direct sequence spread 
spectrum phones; 

• First spread spectrum PCS use with Centrex and 
PBXes; 
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First wireless soread spectrum microcell trialed 
with the Public Switched Telephone Network ; 

^irst wireless PCS test of the Advanced 
Intelligent Network for automatically routing 
calls to a nomadic user; 

First PCS call over the CATV (cable TV) network ; 

• First palm sized modem capable of handling voice, 
data, or video; 

Omnipoint's pioneering work falls into three broad 

areas: 

• RF and specifically spread spectrum product 
design, development, miniaturization, and 
deployment; 

• System architecture design for coexistence with 
other users of the same frequencies; 

• Design and development of a base station control 
interface that is compatible with the ISDN, SS7, 
and AIN features critical for PCS deployment 
regardless of network topology; 

_In short, Omnipoint is developing a series of PCS 

products which can allow multiple operators to provide wireless 

services in the immediate future by independently interconnecting 

to existing infrastructures. PCS can thus be offered by multiple 

providers without each operator being required to replicate the 

enormous investment in infrastructure and services already in 

place (or about to be offered) by the PSTN and cable TV 

operators . 
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DISCUSSION OF TECHNICAL INNOVATIONS 

I . Whv Omnipoint's System Minimizes Disruptio n to OFS 

A. All of Omnipoint 1 s Handset and Base Station 
Channels Combined in a Cell Produce Less 
Interference Than One Traditional Narrowband FDMA 
Handset Channel. - 

As an example, if we assume worst case free space 
propagation to an OFS tower from all handsets and channels, a 
fully loaded Omnipoint microcell (at 100 mW) can operate within 5 
miles of the OFS tower (outside its beampath) before raising its 
noise threshold by 1 db. Assuming Hata Medium City suburban 
propagation, the loaded cell can operate within 2.3 miles, and 
assuming Hata Large City Urban propagation on every channel the 
entire Omnipoint cell can operate within 0.3 9 miles . 

In contrast, a single 100 KHz narrowband handset 
obtaining line of sight free space propagation (for example, from 
a balcony) under the same assumptions (i.e., 100 mW and outside 
the beampath) would have to be up to 3 5 miles away. For the Hata 
Medium City Suburban assumption the single handset would have to 
be up to 7.3 9 miles away, and 1.24 miles under the Urban loss 
assumption . 

Given any propagation loss assumption, Omnipoint' s 
system fullv loaded can operate significantly closer to the OFS 
users than a single narrowband handset. The ramifications of 
this are dramatic for determining Exclusion Zones for sharing 
with OFS users as demonstrated by Figures f/* and «fT . 



WO 96/06490 



PCT/US95/10387 



112 

In determining Exclusion Zones, Onnipoinr varies many 
parameters such as antennae type, height, cell size, power, and 
propagation loss assumptions. But as a certainty check on 
potential interference to OFS, Omnipoint also always uses Free 
Space or Open Area Loss assumptions to determine the worst case. 
Others (including, but not limited to Motorola and Telesis 
Technology Labs) also do this. But some studies, most notably 
the original American Personal Communications report identifying 
at least 5 0 MHz of available spectrum ■ in the top 11 MSAs, used 
the Hata Urban Model to determine exclusion zones. Differences 
in this one assumption account for most of the differences in 
exclusion zone estimates calculated in the many exclusion zone 

studies done to date. 

It is extremely important to recall the ramifications 
of using different propagation assumptions. There are six Hata 
propagation models. Usin a Hata Large Citv Urban loss assumptions 
results in an exclusion zone that is roua hlv 2000 times smaller 
than an exclusion zone usina Hata O pen Area loss assumptions. 

There will be many instances when a single handset can 
obtain line of sight Open Area propagation to a microwave 
tower — from a balcony, a bridge, a mountain, a roof top party 
on the 4th of July, etc. In performing our own field 
measurements as part of our experimental licenses, we have found 
Hata Open type results in the real world are easily demonstrated. 

However, neither the Hata models nor the TSB 10-E were 
developed to guide engineers in coordinating mobile transmitters 
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with fixed microwave towers. Hata models, in fact, were never 
meant for designing systems so that they would not interfere. 
They were developed to assist in designing cell sites to achieve 
coverage. TSB 10-E was not originally specified for short (eg 
under 17 miles) urban transmissions. Raising the noise level 1 
db on many OFS systems would have no measurable impact since many 
of them have 10 to 20 db of "extra fade margin". Omnipoint 
believes the PCS and OFS industries need to develop new models 
specifically tailored for solving this particular coexistence 
problem. 

B. Omnipoint 1 s Spread Spectrum System Uses 10 MHz and 
Sub 10 MHz Frequency Channelization with Dynamic 
Channel Frequency Agility, to Avoid Existing OFS 
Users. . _ 

By employing 10 MHz and Sub 10 MHz frequency 

channelization, Omnipoint 1 s system allows for OFS frequency 

avoidance on a cell sector by cell sector basis. While this can 

be employed by narrowband techniques, the spreading significantly 

reduces interference to analog OFS versus narrowband PCS Systems. 

More than 83% of all OFS systems are analog. Analog OFS systems 

essentially use a large number of narrowband frequencies within 

their 10 MHz and are thus much more susceptible to narrowband 

inter ferers than to a spread spectrum transmitter. This is 

discussed in detail in Attachment B. In summary, however, a 

100 KHz signal produces 100 times the potential interference to 

an analog OFS user as a 10 MHz signal at the same power level. 
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A further advantage of the 10 MHz and sub 10 MHz 
channelization is that it provides an easy migration path into 
the band if OFS users can be relocated to other frequencies. 

C. Omnipoint • s Spread Spectrum System Has 

Successfully implemented Time Division Duplexing 
TDD and the combination of TDD and Frequency 
Division Duplexing, Thereby Greatly Increasing the 
Flexibility For Finding Shareable Spectrum on a 
Cell by Cell Basis and Providing For Multiple PCS 
Operators . 

All exclusion zone studies show that even when 50- 

60 MHz of shareable spectrum is available in an MSA, the 

shareable spectrum appears aeocrraphicallv as a pseudo-random 

pattern of specific frequency channels available on a cell bv 

cell basis . 

In many cells it is impossible to find PCS spectrum 
available in appropriate non-contiguous "pairs" to allow 
frequency duplexing. Moreover, many existing OFS users do not 
adhere to the 8 0 MHz paired allocations. This compounds the 
problem and makes even buyout schemes less useful for Frequency 
Duplexed PCS systems, since there is no way to guarantee normal 
pairing. Because Public Safety and Local Government OFS users 
are permanently grandfathered, at least 22% of the OFS paths (and 
possibly more) may be permanent. This is likely to make 
exclusion zone methods of sharing with the OFS users a permanent 
feature of PCS. 

Further, even in cells where Frequency Duplexed "Pairs" 
can be found, it is often impossible to coordinate them with 
adjacent PCS cells or other PCS operators. 
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D. All of the Omnipoint Handset: and Base Station 
Channels Combined in a Cell Produce Less 
Interference Than One Traditional Narrowband FDIiA 
Handset Channel. 

Perhaps most uniquely, Omnipoint 1 s microcell uses a 

proprietary technique to manage communications to the handsets 

such that the total interference generated by a fully loaded cell 

with all handsets operating in full duplex creates no more 

interference than one continuous signal. This extremely unique 

feature means that an entire city wide grid of Omnipoint PCS 

cells can be modeled for coordinating spectrum usage with the OFS 

users by modeling the equivalent of just one continuous user in 

each PCS cell. This dramatically changes the exclusion zone 

profile of a city and makes cell site planning infinitely 

simpler . 

Omnipoint has contracted with a major independent 
consulting firm to model the impact of Omnipoint 1 s system 
parameters on their exclusion zone analysis for the OFS band. In 
addition, under our experimental license, we have initiated 
design of a test plan in conjunction with existing OFS users in 
order to trial the system in real world, shared, operation. 
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IT omniDoint's System Provides an Mediate as well as a 
Sng'Term Solution to the Problem of Finding Spectrum 
for Both Licensed and Unlicensed Operation of the Same 

Handsets — 

As discussed above, Omnipoint provides an immediate 
solution to the problem of providing spectrum for unlicensed 
operation in both one short term and long term. By immediately 
using the existing unlicensed spread spectrum bands for 
unlicensed applications, private premises PCS can be implemented 
at least on an interim basis or a Part 16 basis without 
interfering with the OFS users or the licensed PCS service 
operators . 

Private premises, unlicensed PCS is critical to the 
success of any new PCS licensed service. Omnipoint has conducted 
extensive market research surveys (including extensive interviews 
with 18 5 of the Fortune 1000 telecom purchasing managers) . No 
company will pay air time charges to communicate wirelessly 
within their own premises. Companies and consumers want to own 
their own equipment. Yet they want the choice of potentially 
using the same handsets when they are in public areas. 

Omnipoint has submitted technical papers to several 
committees demonstrating why unlicensed equipment can not coexist 
on a non interfering basis with spectrum shared with OFS users. 
This analysis was presented to the Technical and Engineering 
Committee of Telocator's PCS Division, which later voted 24 
companies to 1 supporting the conclusion that Part 16 unlicensed 
equipment was unfeasible for sharing in the OFS bands. If Part 16 
is to be achieved in those bands there must be a national 
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allocation for it and band clearing. The Technical and 
Engineering Committee also concluded that licensed PCS could nor 
reliably coexist unlicensed Part 16 equipment. 

Omnipoint 1 s handsets can operate in both the Emerging 
Technologies band as well as the 2.4 GHz unlicensed band and can 
be user selectable. Omnipoint strongly recommends that a Part 16 
ruling be undertaken for unlicensed PCS in the 2.4 GHz band. As 
documented by the NTIA studies and those of others, the 2.4 GHz 
band is the least utilized portion of the spectrum which they 
studied. Omnipoint 1 s own studies performed under its first 
experimental license also show that the band appears to be unused 
currently for any communications activity. 

Although the band provides for unlicensed Part 15 
operation today, the rules allow tremendously disparate 
applications, modulation schemes, and power levels to be used. 
For PCS to be viable long term in this band a spectrum sharing 
etiquette must be adopted. Before many different unlicensed 
products are deployed in the band, the FCC and industry have a 
unique opportunity to implement such a sharing etiquette before 
it becomes impractical. 

III. Omnipoint 1 s System Can Interface With Different Network 
Architectures . 

As noted above, Omnipoint has worked with Local 
Exchange Companies, Cable TV companies, cellular providers, and 
providers of private systems to design a network interface which 
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can allow Omnipoint* s over the air protocol to operate 
independent of the network topology. 

Omnipoint and Bell Atlantic Network Services have 
signed a Letter of Intent for the potential provision of various 
Advanced Intelligent Network services to Omnipoint should it be 
awarded a license within the Bell Atlantic territory. These AIN 
services are critical to the success of PCS as they will provide 
Automatic Location Tracking and "Follow Me Anywhere" profiles of 
a users preference for specific personalized service features, 
preferred long distance providers, caller screening criteria, 
etc. Much of what will make Personal Communications Services 
"personal" is embodied in such AIN features. 

Omnipoint will be able to access these features 
regardless of the transport layer topology, including backhaul 
via cable TV or other networks. Attachment C outlines this AIN 
network approach. 
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WHY OMNIPOINT'S SPREAD SPECTRUM SYSTEM IS UNIQUE 

Omnipoint 1 s system is unlike any of the other proposed 
spread spectrum solutions. It differs both in its architecture 
as well as in the specific techniques employed for synchronizing 
to and demodulating the signal- The following outlines the major 
design differences and their implications. 

Spread Bandwidth and Channelization - Millicom/PCNA/ SCS 
Mobilecom originally proposed a 4 8 Mhz Frequency Division 
Duplexed system, thus occupying 96 MHz of the 14 0 MHz POFS band. 
They named their system Broadband CDMA or B-CDMA (presumably to 
distinguish it from Qualcomm's spread spectrum system which seems 
to have taken on the name Narrowband CDMA by default) . The near 
100 MHz spreading was advocated as a sharing solution with the 
POFS. B-CDMA underwent extensive initial tests on its ability to 
coexist with the POFS, but was the subject of almost universal 
attack as a sharing technique in the POFS bands, and has the 
limitation of supporting only one independent operator in the 
band. It has not yet undergone more than a single cell test and 
presumably would have to incorporate sophisticated adjustable 
power controls similar to Qualcomm's approach. 

Qualcomm's system uses 1.25 MHz channels plus 
guardbands and is also frequency duplexed (thus using 2.5 MHz). 
It was not designed as a sharing technique, nor designed for 
coexistence in the 1850-2200 Mhz band. Rather, it was designed 
for operation within the cellular band, as a capacity enhancing 
technique relative to FDMA and TDMA approaches. The system 
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incorporates an extremely sophisticated adjustable power control 
system and requires operator controlled cell sites and high speed 
switching to manage the continuous soft handoff. It uses a 
variable rate vocoder with a maximum sampling rate of 8 kbps. 
Because of its 2-5 MHz duplexed bandwidth, it will be tested in 
the 1850-2200 MHz band on frequencies which attempt to avoid the 
OFS users. 

Associated PCN proposed 5 MHz Frequency Duplexed 
channels although it is unclear whether they have developed any 
equipment or microcells to this spec beyond simplex test links. 

Omnipoint uses 10 MHz and sub lOMhz Time Division 
Duplexed and can combine it with Frequency Division Duplexed 
channelization for the reasons discussed above. Coupled with 
Dynamic Channel Allocation this minimizes interference to the 
analog OFS users and matches the existing channelization scheme. 

Duplexing Technique Omnipoint pioneered Time Division 
Duplexed (TDD) and Time Division combined with Frequency Division 
Duplexed (TDD/ FDD) direct sequence spread spectrum. The spread 
spectrum solutions proposed by Millicom/PCNA/SCS Mobilcom, 
Qualcomm, and Associated PCN all proposed frequency duplexed 
systems. Direct sequence systems traditionally have required 
frequency duplexing since they could not synchronize fast enough 
to allow the constant turning off and on of a time division 
duplexed signal- In fact, Southwestern Bell in their IMASS 
proposal originally thought that because they concluded that TDD 
would be required for OFS sharing, this eliminated direct 
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sequence spread spectrum as a contender. In subsequent meetings 
with Southwestern Bell we demonstrated our TDD solution to them. 

Operational TDD direct sequence is one of Omnipoint 1 s 
original major accomplishments. Although other companies are now 
proposing it and prototyping it, Omnipoint had it operational in 
our laboratory screen rooms even before the famous July 11, 1989 
FCC hearing on new wireless phone technologies which launched the 
rush toward PCS. TDD coupled with FDD is another Omnipoint 
first, and provides the ultimate flexibility for frequency 
coordination. 

Omnipoint 1 s extensive testing of the performance of TDD 
spread spectrum voice are well documented in its two experimental 
license reports. 

As discussed above, all frequency duplexed systems will 
find it extremely difficult to find usable spectrum in the 
current POFS band in many cells due to the nature of POFS usage 
and the proposed grandfathering. Direct sequence spread spectrum 
frequency duplexed systems, even if narrowband, will find it even 
more difficult if they require an N=l reuse pattern. Without an 
N=i reuse pattern, many spread spectrum systems either cannot 

work at all given their network architecture or lose much of 

their capacity claims. 

Cumulative PCS Cell Interference. All of the other 

spread spectrum systems generate interference in at least two OFS 

frequencies since they employ Frequency Division Duplexing. 

Moreover,' each additional user at least linearly adds to the 
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interference in the two duplexed channels. Thus, for example, 3 2 
users in a cell each at lOOmW generates at least 3 2 times the 
interference as one such user. Millicom/PCNA/SCS Mobilecom 
system spreads across IGOMhz and will therefore create 
interference to at least ten lOMhz and ten 5 MHz OFS channels. 
In their system all cells produce some interference to all of 
these OFS users. However, they are claiming extremely low 
transmit powers (less than 100 micro Watt) and plan to use 
adjustable notch filters. 

Omnipoint • s system never allows a cell to generate more 
interference than the equivalent of one continuous transmitter, 
regardless of the number of users on in the cell. At 10 MHz and 
Tine Division Duplexing, the system need only avoid one OFS 
frequency in each PCS cell, and that OFS user needs to be at 
farthest only 5 miles away, and in a dense urban area less than 
1 mile away (but always the PCS frequency is outside the 
beampath) . 

Frequency Reuse Millicom/PCNA/SCS Mobilcom and Qualcomm 
both currently require an N-l reuse pattern. Associated PCN 
proposes a frequency hopped system without specifying a reuse 
pattern . 

Omnipoint 1 s system can use any reuse pattern including 
N=l (although N=l would limit capacity in most circumstances 
relative to the preferred N=3 reuse pattern, or require 
synchronization). A major advantage of Omnipoint *s system is 
that base stations can be independently owned and operated since 
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they can also use dynamic channel allocation and operate 
unsynchronized . 

Provisi on for In-Buildinc PCS . Millicom/PCNA/SCS 
Mobilecom would have no alternative but to provide in-building 
PCS in the same frequency as a licensed PCS operator since there 
is no other spectrum available due to their lOOMhz spreading. 
Thus, virtually by definition they will be unable to offer 
unlicensed equipment since all equipment must be coordinated with 
the licensed PCS operations* 

Qualcomm's system is also explicitly designed to only 
provide in-building PCS as an extension of the wide area PCS 
operator's service. They propose a complex array of antennas for 
combining signals and differentiating users. 

Omnipoint 1 s system in contrast provides for an 
extremely- simple and completely independent operation of licensed 
PCS and unlicensed equipment, without the need to coordinate 
spectrum, but accessible by the same handset on as demanded 
basis. As detailed above, the handsets can span completely 
separate frequency bands. 

FOOTNOTE: We understand that PCNA has shifted away 
from SCS Mobilecom recently and is advocating a 4 0 MHz Time 
Division Duplexed System. We did not have enough details to make 
a comparison at this writing but the most obvious difference is 
in the spreading bandwidth. At 40 Mhz they will find it 
difficult to identify much unused spectrum for sharing with 
existing OFS as Omnipoint 1 s system. 
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ADVANTAGES OF OKNIPOIKT'S SPREAD SPECTRUH OVER NARROWBAND SYSTEMS 

The two most: widely proposed narrowband systems for 
various PCS services are CT2 and the GSM/DCS-1800 systems. CT2 
uses 100 KHz channels and DCS-1800 use 200 KHz channels- 
Narrowband Causes Greater Interference to OPS 

As shown in Attachment D, whether 10 0 KHz or 200 KHz , 
narrowband systems cause significantly greater interference to 
analog OFS towers. As detailed in Attachment D, the analog OFS 
modulation scheme consists of essentially many narrowband FM 
signals. Thus a single narrowband PCS user can interfere much 
easier than a 10 KHz or 5Mhz wide PCS user. 

The consequence of this is that narrowband systems 
require much greater exclusion zones. In the case of free space 
loss (which can be obtained by line of site conditions from or to 
a roof top or mountain, for example) a narrowband exclusion zone 
can be up to 100 times the size of Omnipoint's exclusion zone 
outside the beaiapath . Even using Hata Suburban Loss models, the 
narrowband exclusion zone for a single handset is up to 15 times 
the area of a fullv loaded Oianipoint cell. 

NARROWBAND SYSTEMS REQUIRE GREATER REUSE SEPARATIONS 

Attachment D details analytically why non spread 
spectrum systems must employ significantly higher reuse factors, 
thereby lowering real world spectrum efficiency. Omnipoint 1 s 
system is designed to operate with an N=3 reuse (as opposed to 
N=7 or N=12 for narrowband systems, depending on cell 
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sectorization) . Further, with lower capacity or synchronized base 
stations, Omnipoint's system can operate in an N=l reuse 
environment. The latter ability will allow the Omnipoint PCS 
system to work in cells which can avoid OFS exclusion zones but 
which narrowband systems can not utilize due to the fact that 
only the same frequencies are available in contiguous cells. 

NARROWBAND SYSTEMS REQUIRE VERY HIGH REUSE FACTORS FOR IN- 
BUILDING KUIiTI STORY SYSTEMS 

Most importantly, Omnipoint *s system has been designed 
to operate in buildings with multiple stories. As Attachment D 
graphically demonstrates, narrowband systems can require N=25 up 
to N=50 effective reuse factors. This can be mitigated by using 
dynamic channel allocation, but Omnipoint's system can also use 
dynamic channel allocation. 

Our experimental report exhaustively documents in 
building, multistory propagation characteristics. Worse than 
free space loss ( i.e. . less than R=2) frequently prevail as well 
as greater than R=4 . Further, the frequency selective multipath 
fades are dramatic. Omnipoint's spread spectrum system has been 
designed to compensate for these severe conditions, a traditional 
narrowband systems will have more difficulty with indoor 
environments . 

Tests of CT2 systems in-building in Canada, and 
documented with the DOC (there are several but the most 
explanatory is that reported by PhoneSpot) show that no more than 
four CT2 handsets could operate simultaneously within a room 
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although there were 4 0 100 KHz channels to choose from. Even 
when separated by several floors, the maximum number only rose to 
approximately 15 users, and there was significant interference 
reported. Our experimental results show extremely high quality 
voice coverage, with multiple simultaneous users on multiple 
floors. 

CONCLUSION 

Ocmipoint has developed and field tested a unique 
spread spectrum PCS system capable of solving the three main 
hurdles necessary to deploy PCS in the U.S.: 

An innovative spectrum sharing RF system which will 
allow a phased in approach to coexist with the incumbent OFS 
users ; 

A single handset using a sub-10 MHz , dynamic channel, 
frequency agile architecture and capable of operation over two 
separate 80 MHz bands — one in the emerging technologies band 
and the other in the existing unlicensed spread spectrum band. 
This will allow immediate deployment of both licensed and 
unlicensed PCS. 

A flexible network interface for deployment with 
various architectures using standard signalling protocols such as 
those employed in the AIN and the cellular industry's IS-41 spec 
across a variety of network topologies. 
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ATTACHMENT B 
Abstract 

Emerging technologies such as PCS will need to coexist 
with incumbent point to point microwave services on a 
unilaterally noninterf ering basis. New systems must not disturb 
existing services. In this report we examine the effects of PCS 
interference on existing systems. In particular, we show that 
conventional analog multichannel voice systems 1 are much more 
sensitive to narrowband interference for a given power level - 
Omnipoint's 10 MHz spread spectrum signal , because of its 
noiselike nature and wide bandwidth, causes 1/100 (20 dB) less 
interference than a comparable power 100 kHz system would cause. 
As a consequence, our systems can operate in locations 10 times 
closer to the microwave tower without undue interference. 

We further argue that the use of Hata propagation 
models may be unrealistic for establishing exclusive zones in the 
context of mobile users since a single handset can potentially 
obtain a free space propagation path to the microwave tower and 
jam it (often referred to as a "rogue" handset) . In our opinion, 
several reports submitted to the FCC paint overly optimistic 
results on sharing by using Hata Urban models to derive exclusion 
ranges. In particular, American Personal Communication's report 2 
claims out of beam width exclusion radii of A miles based on this 
model. Using the same parameters and a free space propagation 
model, theoretical exclusion ranges grow to 257 miles. 
Obviously, when earth curvature is accounted for, signals will 



1. Roughly 85% of the deployed systems. 

2. APC's July 30, 1991 report. 
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not propagate over these ranges but we do argue that the PCS 
industry needs to establish a standard set of realistic criteria 
for estimating exclusion radii. 

Our final argument is that the protection afforded by 
TSB10-E is excessive in the context of many microwave 
operations. TSB10-E, the governing standard for interference with 
private radio services, was originally deve loped for long haul, 
multihoo f e.g. 3 000 miles ^ microwave servic es with large tower 
separations . Most MSA links in the 1850-1990 MHz band are short 
( i.e. less than 17 miles) and operate with extremely high fade 
margins. One study by COMSEARCH 3 found that the average fade 
margin for OFS links in the Houston area is 54.4 dB corresponding 
to a 9 second outage time per year. Many of the links had 
expected outage times of less than one second per year. Relaxing 
TSB10-E standards on a case by case basis appears highly 
desirable . 

Introduction 

Most of the 1850 MHz to 2200 MHz spectrum is currently 
allocated to industrial and public service OFS 4 and fixed site 
microwave services on a licensed basis. Table I s summarizes 



3. COMSEARCH, "Exploring Alternate Bands For 1.9 GHz Systems", 20 
January, 1992. 

4. Operational Fixed microwave Service. 

5. From: "Creating New Technology bands for Emerging 
Telecommunications Technology", Office of Engineering and 
Technology, Federal Communications Commission, Washington D.C. 
20554, OET/TS 91-1, December 1991. 
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typical uses in these bands. Studies by the U.S. Department of 
Commerce 6 indicate coaparatively low activity on the existing 
links. WARC9 2 international treaty agreements 7 signed in March 
suggest: allocating substantial amounts of spectrum to FPLMTS in 
these bands, worldwide- These factors, combined with good 
propagation characteristics make this band a strong candidate for 
eventual reallocation to PCS services as was recommended by the 
FCC*s NFRM regarding the Emerging Technologies Band. 

Initially; PCS services will have to share such an 
allocation on a unilateral noninterf ering basis. It is our 
position that this must be done on a licensed basis. The critical 
nature of many OFS services, particularly in controlling the 
nation's electric power grid makes the ramifications of inadvertent 
OFS disruption extremely serious. Unless the bands are cleared, 
unlicensed part 16 operation 10 is likely to disrupt licensed OFS 
users. New PCS services should not interfere with existing 
microwave services. We presented our analysis to the Technical 
and Engineering Committee of Telecater's PCS Division and the 
position adopted by a vote of 24 companies to 1 also concluded that 
unlicensed Part 16 operation on a shared basis was unfeasible. 



6. "Spectrum Usage Measurement in Potential PCS Frequency 
Bands", NTIA Report 91-279, September 1991. 

7. "WARC Final Press Release", 3 March 1992. 

8. Greater than 200 KHz . 

9. Future Public Land Mobile Telecommunications Systems. 

10. Similar to part 15 except with a spectrum etiquette added to 
reduce mutual interference between type certified equipments. 
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Studies by Telesis Technology Laboratory 11 , Motorola 12 , 
Southwestern Bell, Impulse Telecom and several others indicate 
instances of heavy spectrum utilization over small geographic 
regions in many MSAs. In these areas, careful frequency/ base 
station site selection studies will be needed to ensure 
compatibility with existing microwave licensees. This is possible 
only in the context of a formal licensing process. This is not to 
imply that we do not favor part 16 style operations; particularly 
for indoor operations. We believe there is sufficient spectrum 
available in the ISM bands 13 currently operating under part 15 
rules. Incorporating the spectrum etiquette rules of part 16 into 
these bands would help ensure equitable band sharing and at the 
same time avoid dislodging licensed users in the 1850-2200 MHz 
bands . 

Coexistence with POPS in the 1-9 GHz Band 

The 1850 to 1990 MHz (1.9 GHz) band is currently 
dedicated to Private Operational Fixed Services (POFS) . These are 
high capacity point to point microwave voice and data links between 
fixed stations. A typical link consist of two stations, each 
employing a high gain microwave dish antenna mounted on a tower. 
The antenna point towards each other to provide upwards of 60 dB 



11. "Progress Report on Experimental Licenses: KF2XFD (File 
Number 1658-EX-PL-90) etc." Submitted to FCC November 20, 1991. 

12. "Comments on General Docket No. 90-314", Submitted to FCC 
July 24, 1991. 

13. 902-928 MHz and 2400-2483 MHz. 
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of additional link gain. The upper section of Table l indicates 
some representative users of this band while Table 2 indicates 
specific licensees in the Boston area. 

ZIA /TIA Telecommunications Systems Bulletin TSB1 0-E 
"Interference Criteria for Microwave Systems in the Private Radio 
Services" , dated November 1990 is the governing standard for 
interference with OFS systems* 

OFS systems fall into two broad categories, digital data 
and analog voice systems. Studies by COMSEARCH and others suggest 
that most OFS links in the 1.9 GHz band are analog voice type 
systems using older technology radio equipment. As an example, 
one study 14 found that over 85% of the OFS links in Houston 15 used 
analog transmission formats. Impulse TeleCom estimates the 
national distributed of analog systems at 8 3% of the total. 

Analog systems use a single, narrowband' FM 16 transmission 



ca 



rrier modulated by a Frequency Division Multiplex (FDM) baseband 
signal. To generate the baseband signal, 3.1kHz bandwidth voice 
channels are Single Side Band Suppressed Carrier (SSB-SC) modulated 
up to different center frequencies spaced 4 kHz apart, fr^s. ISA** 
documents the formation of a 600 channel (10 supergroup) SSB-SC FDM 
baseband signal. Once the FDM baseband signal is formed, it can 
be carried over a single FM carrier as shown in £V ^ . V*?"*?. 



14. COMSEARCH, "Exploring Alternate Bands For 1.9 GHz Systems", 
20 January, 1992. 

15. Second only to LA in number of OFS links. 

16. Typical modulation indexes are less than 1. 
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Table 3, taken from TSB10-E, documents typical modulation 
parameters for analog transmission formats. Of particular 
importance for interference calculations, the modulation index is 
small; the baseband signal's channelized spectrum structure is 
preserved in the FM carrier signal- In terms of spectral usage, 
the composite SSB-SC FDH FM signal is really an array of na rrowband 
voice channels spaced 4 )cHz apart- This is significant bec ause a 
sufficiently narrov interfering signal can concentrate essen tially 
all gt it's energy in a single voice channel without affecting the 
others 17 - As a consequence, narrowband interfering sources will be 
more damaging for a given power level than wideband sources . 

TS310-E, , the governing standard for OFS interference 
defines maximum allowable interference criteria for OFS systems . 
In particular, it requires no more than 1 dB of threshold 
degradation for analog systems. When transmitting in the direction 
of an OFS receiver, if we are to use the same frequency, an 
exclusion zone must be established. The required exclusion range 
is a function of transmit ERP, bandwidth, allowable OFS receiver 
threshold elevation and propagation characteristics- F*$ s - 
plots required exclusion zones as a function of transmit ERP when 
transmitting in band but outside of the OFS antenna mainbeam. A 
free space, line of sight propagation model has been used to upper 
bound required exclusion range. Our 10 MHz bandwidth system, 



17. Ignoring intermod effects. 

18. Appendix A documents the specific methodology used in 
computing these curves. 
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operating at its nominal 100 mW transmit ERF can use the same 
frequency as an OFS receiver as long as it is more than 5 miles 
away and not in the transmission path. corresponding 200 kHz and 
100 kHz narrowband systems must be 35 to 55 miles away if free 
space propagation prevails. 

If we assume a 4/3 smooth earth model, horizon limited 
line of sight range is 27 miles for a microwave tower height of 
180' and an interference transmitter height of 30'. In most 
situations this range specifies the maximum propagation distance 
but it should be noted that ducting phenomena associated with 
atmospheric inversions can significantly extend propagation 
distances. When the refractivity gradient dN/dh exceeds -157 N 
units/km, rays leaving an antenna can be trapped in a duct and 
propagate overlong ranges with low losses. This is a particular 
concern in over water links in coastal regions where high humidity 
prevails. Exclusion zones extending beyond the 4/3 earth horizon 
may be needed for operation in the mainbeam of the OFS receive 
antenna when using the same frequency. 

Comments on the use of Hata Propagation Models 

During the late 1960's Y. Okumura et al. performed 
extensive propagation loss measurements in the 100-1500 MHz band 
for geometries typical of land mobile communications systems (eg. 
cellular). Hata. 19 later compiled these results into a set of 



19. Hata, "Empirical Formula for Propagation Loss in Land Mobile 
Radio Services", IEEE Transactions on Vehicular Technology, 
August 1980. 
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easily applied formulas used to describe average propagation path 
losses. The Hata model correctly predicts average propagation loss 
but it does not account for the variability of propagation 
conditions. 

F/gs. \X-*C «^ t9-<±4 show measured OFS tower to 

mobile signal strengths for two different towers. Predictions 
based on various Hata models and free space models are also 
included. On average, there is good agreement with the Hata model, 
but note the significant deviations . * At one point on p/^ 
measured signal strength is a factor of 1000 (30 dB) times stronger 
than predicted by the Hata model. In fact, signal strength is 
within 10 dB of free space predictions. A single mobile unit at 
this location is equivalent to 1000 mobiles at "average" locations. 

Thus, the use of Hata propagation models may be 
unrealistic in the context of determining exclusion zones based on 
mobile sources of interference since a single "rogue" handset can 
potentially obtain a free space propagation path to the microwave 
tower and jam it. Given a large set of users, the chances of at 
least a few users being in "exceptional" low f i ,e. near free space) 
propagation loss locations is significant. Exceptional conditions 
not modeled in the Hata equations include: operation in tall 
buildings, standing on a balcony, mountain top microwave towers, 
etc. Under these conditions, near free space propagation is likely 
to prevail into the OFS receiver. 



20. Taken from "Comments on General Docket No. 9 0-314", 
Submitted to FCC by Motorola on July 24, 1991. 
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In our opinion, several reports submitted to the FCC 
obtain unrealistically optimistic results on sharing by using Hata 
Urban models to derive exclusion ranges. In particular, APC's 
report 21 claims out of beampath exclusion radii of 4 miles based on 
this model. Using the same parameters and a free space propagation 
model, theoretical exclusion range grows to 257 miles. 

Fig*. /P-S-qnd depict exclusion zones required for 100 

kHz and 10 MHz systems respectively when using Hata Urban and 
Suburban models. Results from a free space model are also 
included. In both cases we note that the Hata Urban model predicts 
exclusion radii that are significantly smaller than the free space 
model . 

Omnipoint takes the position that responsible coexistence 
with OFS systems requires consideration of the "rogue" handset 
problem. We explicitly recognize the potential for near free space 
propagation conditions. To this end, we have designed our system 
to minimize interference coupling into OFS receivers by using 
direct sequence spread spectrum transmission formats. 

Comments on OFS Fade Marg? ns 
Our final argument is that the protection afforded by 
TSB10-E is excessive in the context of many OFS operations . 
TSB10-E, the governing standard for interference with private radio 
services, was originally developed for long haul, multihop analog 
microwave services with large tower separations and cumulative 
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interference effects. Most MSA links in the 1850-1990 MHz band are 
short range ( i.e. less than 17 miles) , single hop systems with 
extremely high fade margins. A study by COMSEARCK 22 found that the 
average fade margin for OFS links in the Houston area is 54.4 dB. 

Referring to -£)g* f j this corresponds to a link outage 
time of 9 seconds per year for a 20 mile link or a link reliability 
of 99.99997%. End to end equipment must have a mean time between 
failure of 2.4 million years to provide this grade of service. 
Under these circumstances , we believe the OFS link is much more 
likely to fail because of equipment failures. Also, many of the 
links examined by COMSEARCH had expected outage times of less 
than one second per year. 

F\gs*]f-S&*ll&- < I show how exclusion zones become smaller 
as allowable degradation of OFS threshold is increased beyond the 
TSB10-E limit of 1 dB, again assuming free space propagation. A 
6 dB threshold elevation has the same effect as lowering fade 
margin by 6 dB. With a 4 8.4 dB margin, outage times are still only 
2 5 seconds per year for a 20 mile link; much better than equipment 
reliability figures will allow for. Relaxing TSB10-E standards on 
a case by case basis appears highly desirable. 



22. COMSEARCH , "Exploring Alternate Bands For 1.9 GHz Systems", 
20 January, 1992. 
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Appendix A: Interference Analysis Methodology 

During the late 1960's Y. Okumura et al. 1 performed extensive propagation loss 
measurements in the 100-1500 MHz band for geometries typical of land mobile 
communications systems (eg. cellular). Hata 2 later compiled these results into e set of 
easily applied formulas applicable under the following conditions: 

• Frequency: 1 00 - 1 500 MHz 

• Distance: 1 - 20 km 

• Base Station Antenna Height: 30 - 200 meters 

• Mobile Station Antenna Height: 1-10 meters 

In this report, the Hata equations are used to estimate propagation losses between PCS 
and microwave towers in the 1850 to 1990 MHz bands under the common assumption 
that propagation at these frequencies is very similar to propagation at 1500 MHz. It is 
important to recognize that Hata predictions are only en indicator of propagation 
parameters; actual propagation can differ significantly depending on the specifics of the 
propagation path. 

With these caveats, table 1.1 a shows sample spreadsheet results for computing 
propagation characteristics using the Hata equations. Predictions based on tree space, 
line of sight propagation are also included to form an upper bound estimate. 



Ub^vSTfl" ?M6 R? 0 rinfi7Sf^C^^ rf ^ rin MFrt VHFI.nd-mobH* mdo servtces' H.v. B.C. Commun 
' ■ 10 - 1 SWB - Hepnntod in "Land-Mobile Communications Engine* ring'. IEEE Pr»«s. 1864 

2 - ttciSfcoJSSS,^^ - " ^ PmpaSation LO " " M Mobil " Sen**,; IEEE Taction, on Vohicuter 
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Table 1.1a: PCS to Microwa ve Pathloss 

Frequency (150 -> 1500) (MHz) : 1850 
Base Station Height. (30 -> 200) (met) : 54.9 (160 feet) 
Mobile Station Height {1 -> 10) (met) : 1.8 ( € feet) 

Propagation Lobs Lp (dS) = A ♦ B'log(R) where R is in tea 

Small/Medium City Large City Free 

Urban Suburban Open Area Urban Suburban Open Area Space 

A: 129.99 117.96 97.91 130.27 116.25 98.20 97.79 

B: 33.51 33.51 33.51 33.51 33.51 33.51 20.00 

Hate considers six different types of propagation path; three for the small/medium size 
city and three for the large city where building heights average more than 
15 meters (49 feet). Urban refers to downtown areas while Suburban refers to mixed 
dwelling residential areas. Open ereas are either non-developed or only lightly 
developed. 

Table 1.1b shows an example spreadsheet for computing allowable microwave link 
interference given noiselike interference sources. The first section computes the 
microwave receiver's noise floor based on noise figure, antenna temperature, and 
channel equivalent noise bandwidth. The allowable interference level is then computed 
based on a statement of maximum allowable Es/No degradation due to interference 
sources. OFS antenna gain towards the interfering source, bandpass filter 
characteristics and interference bandwidth are then factored in to arrive at an allowable 
interference level. 



3. Includes any aiaocioi.d cable tosses. 
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The bandwidth of the interfering source is en important factor for OFS systems using 
FDM-FM modulation formats 4 ; narrowband interference is potentially much more 
damaging. This is because the FDM spectral channelization is essentially unaltered by 
the narrowband 5 FM carrier modulation process; the information content of a voice 
channel is carried within 6 kHz 6 of bandwidth. The coupling factor 7 accounts for the 
spectral density of the interfering source. 

Table 7. 1b Microwave Link Maximum Interference Analysis 

Microwave Receiver NF at 290K (d3) : 9.00 

Antenna Temperature (X): 300.00 

Systes Nois« TaoporaCurc CK) : 2313.55 

Noise Eandwidch (MKz) : 10.00 

Receiver Noice Floor (03m): -94.96 

Link Fade Margin (dB) ; 30.00 
Required Es/No (dB) : 20.00 

Mm. Required Unfaded Signal Out Of Ant. (dB«0 t -44.96 

Faded Signal Level Out. of Antenna (dBm) : -74,95 
Microwave Tower Separation (rtiles) : 25.00 
Microwave Antenna Gain (dEi) : 29.00 
Required uWeve ERP {Free Space Prop) (d£a) : 55.92 Watte 

Microwave Transmitter Power (dSn) » 26.92 0.4919 

Es/No Lobs From Noiselike Interfererc (03); 1.00 
Max Interference Cut or the Antenna (dBra) ! -100^53 

uWave Ant. Gain Towards Interferer ( e ) (dSi) : -5.00 

Interferer Bandwidth (MHz) : 0.20 

Coupling Factor Into Microwave Link (dS) : 16.99 

uWave B?F Gain at PCK Freq. <d3 wrt Peak) \ 0.00 . 

Max Interference Infcc Microwave Ant. (d3m> : -112.82 

Resultant Unfaded C/I (d3) : 67.86 



4. RoupNy e3% of all OFS cyatems. 

5. The cicnal bandwidth may t» lar C e, but because the FM moduleiion index ie small, h la a narrowband FM lorneL 

6. Twc. 3.1 kHi aidebandc **?zrai+<i by twice the FOM center frequency tor that channel 

7. 10 log (Bandwidth of OFS/oendwidth of Interferer) 
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Combining these results with the Hat2 and/or propagation predictions, e-minimum 
radius exclusion zone can then be computed as a function of PCS transmit power, 
number of transmitters, end, PCS antenna gain. Table 1.1c shows minimum exclusion 
radii assuming one interferer. 

Table 1. 1c PCS Exclusion Radii (100 kHz Interferer at 6'J 

Number of Interferors: 1 
Antenna Gain Towards Microwave Link (dB) : 0.00 

_ Tx Exclusion Zone Radius (silos) 

Power Small/Madiun. CiCy Large CiCy Free 

t»W) Uroan Suburban Open Area Urban Suburban Open Area Space 

1.0 0.23 0.54 2.13 0.23 0.S3 2.09 4.96 

°-' 47 1 - 07 4 - 23 °- 4€ 1-05 4.15 15.69 

°- 9 " 2 - 12 6 * 41 0.91 2.08 8.25 49.60 

1000.0 1.85 4.22 16.72 1.81 4.14 16.40 156.86 

Table 1.1d repeats the analysis for a 10 MHz intereferer. 

Table 1. id PCS Exclusion Radii (10 MHz Interferer at 6') 

Kicsber cf Interferer* : 1 
Antenna Gem Towarclc Microwave Link (dB) : 0.00 

T * Exclusion Zcne Radius (ailoe) 

Power Small/Hadiura City i*.tq* C icy free 

( f' " r * an Suburban Open Area Urban Suburban Opon Area Space 

1,0 °' 06 0-54 0.06 0 13 0 53 n en 

10 -° O-" 0.27 1.07 0.12 0 26 1*05 

100 -° °- 23 0-54 2.13 0 23 0 S3 I'll I'll 

1000.0 0.47 x.07 4.23 0 1 21 I'M til ±11 



WO 96/06490 



PCT/US95/10387 



141 



Repeating the analysis with all parameters the same except with the interferer placed 30 fee 
above ground level, the results of tables Lie and 1 are obtained. Results for the small city 
open area Haia model are not included because it breaks down severely for large mobik 
antenna heights at these frequencies. Free space estimates are more appropriate under these 
circumstances. 

Table 1. 1e PCS Exclusion Radii (100 kHz Interferer at 30') 

Number of Interlererc i 1 
Antenna Cain Towards Microwave Link (dB) : 0.00 

Tx Exclusion Zone Radius (isilec) 

Power Small/Medium City Lare* City Free 

(mW) Urban Suburban Open Area Urban Suburban Open Area Space 

1.0 1.01 2.30 0.39 0.88 3.50 4.96 

10.0 2.00 4.57 0.77 1.75 €.96 15.69 

100.0 3 .9S 9 .09 1.53 3 .49 13 .64 49 .60 

1000.0 7.91 18.06 3.03 €.93 27.51 156.86 

Table 1. 1f PCS Exclusion Radii (10 MHz Interferer at 30') 

Number of Intcrf erero : 1 
Antenna Gain Towards Microwave Link (dB) : 0.00 

Tx Exclucion Zone Radius (miles) 

Powor Snail /Medium City Large City Free 

<mW) Urban Suburban Open Area Urban Suburban Open Area Spe.ce 

1.0 0.25 0.56 0.10 0.22 0.B9 0.50 

10.0 0.51 1.16 0.19 0.4C 1.76 1.57 

100.0 1.01 2.30 0.39 0.86 3 .50 4.96 

1000.0 2.00 C.57 0.77 1.75 6.96 15.69 
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ATTACHMENT C 



As Personal Communications Services evolve, Bell Atlantic ^ focusing on > 
developing access services it can offer over open interfaces to PCS service provioers. 
Tne PCS service providers offer Personal Communications Services to tnc enc 
users. Therefore, the PCS service providers are the "customers" for tne access 
services; the PCS users are the "customers" of the PCS service provider. 

PCS service providers would use the access services offered by Bell Atlantic to take 
advantage of our network infrastructure of signaling, transport, switching and 
intelligent network capabilities. Each PCS service provider would use the access 
service that best compliments their own capabilities. For instance, one PCS service 
provider may possess* only a small portion of the functionality required to provide a 
PCS end-to-end service. Such a provider would expect the Bell Atlantic network to 
offer a great deal of functionality through the access service. On the other hand, a 
different PCS service provider may have a complex network that supports much o. 
the required end-to-end functionality. They would opt for an access service with 
only a subset of the functionality offered to the first PCS service provider. 

Bellcore and the Bell Operating Companies developed a document that identified 
five access service alternatives. Bell Atlantic has focused on four of these access 
services, buf has modified them to take advantage of our Advanced Intelligent 
Network capabilities. P ig . i 9 - I snows the possible access service 

interfaces. 



Tne network, or "N", interface is a connection service to a wireless PCS service 
provider who has the capabilities to provide call control processing, radio 
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management, and subscriber information storage. This access service offers 
signaling and transport to a wireless PCS service provider with switching 
capabilities. Through the N interface, Bell Atlantic will provide translation and 
routing functions so that calls for PCS subscribers are delivered to the appropriate 
wireless PCS service provider network. Tne PCS service provider will use the Is 
interface when a user* originates a call that must be delivered outside of its network. 
Tne N interface will also be used when a call is delivered by Bell Atlantic for a user 
who is currently being served by the PCS service provider. (Wireless PCS service 
providers that subscribe to the N interface will most likely take advantage of the 
Advanced Intelligent Network capabilities through a combination of the N interface 
and the data, or "D" interface. See the discussion on the D interface for more detail.) 

The controller, or "C", interface serves PCS service providers who have the 
capability to provide radio channel control and possibly some local data storage. All 
switching functions and call control functions are supported in the Bell Atlantic 
network because the PCS service provider's network does not contain complete 
local switching systems. The Radio Port Control Unit (RPCU) may have the 
capability to provide hand-off. This interface is between the Bell Atlantic Central 
Office switch and the PCS service provider's RPCU. Communications between 
RPCUs may be supported by the Bell Atlantic network. 

The port, or T, interface is intended for a wireless PCS service provider with a 
minimum amount of network functionality. In this scenario, the PCS service 
provider owns and operates the radio ports and provides the air interface to the 
wireless handset. Any communication between the radio ports is supported via the 
Bell Atlantic network. Tne P interface provides all the functionality included in the 
N and C interfaces, as well as some radio management and hand-off. 

Tne data, or "D", interface is used by PCS service providers that want to take 
advantage of Bell Atlantic's Advanced Intelligent Network capabilities. Through the 
D interface, the PCS service provider's network accesses the centralized data in the 
Bell Atlantic network. Examples include PCS customer location updates, PCS _ 
customer authentication, and PCS customer service profile access. A PCS service 
provider will most likely subscribe to either the P, C, or N interface and some 
number of services provided over the D interface. 

Bell Atlantic's vision for a PCS architecture is ^r\ Pjg *9-2. The different interfaces 
are oveilaid on thifi architecture. 
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The dotted line between the RPCU and the AM indicates the D interface for a PCS 
service provider subscribing to the C interface. This is also a signaling connection 
through the CO switch. 

Finally, the dotted line between the Wireless Network and the Signal Transfer Point 
(STP) represents the D interface for a PCS service provider subscribing to the N 
interface. Ideally, this would also go through the CO switch- However, limitations in 
the ISDN-SS7 interworking at the switch prevent such a solution in the near- term. 
As a result, the D interface is directly into the SS7 network via the STP. 



iThe Access Manager (AM) is a new Bell Atlantic network element 
introduced to provide subscriber information storage and wireless call control. 
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ATTACHMENT D 

Analysis of Large Reuse Factors 

Required by 
Narrowband Systems 



Subject: Comments on "Low Power Wireless PCS Spectrum Estimates", by Andy 
McGregor, TE/92-1 -1 4/003 

Author: Logan Scott 

While we agree with the analysis approach taken by Andy, the following additional 
considerations could significantly alter the results: 

• Propagation Coefficient 

• Operation in a Three Dimensional Lattice 

• Wireless Market Penetration 

Propagation Coefficient 

In the eOO-900 MHz mobile radiotelephone services band, propagation is usually well 
described as Rician fading with a propagation coefficient of between 3 and 4. This 
means that on average, signal strength falls off as the 3 or 4 power of range. 

In Andy's paper, he used a propagation coefficient of 3.34 and indicated a doubling of 
capacity ff the propagation coefficient is raised to 4. In general, lowering the propagation 
coefficient reduces capacity by forcing more infrequent frequency reuse. 

In the short range and indoor environments, propagation coefficients are usually much 
smaller. As an example, in fig- 20- 1 , the mean propagation coefficient is 2.18, averaged 
over all factories. In Line Of Sight (LOS) geometries, the mean propagation coefficient is 
typically even smaller as small as 1.49. Similar observations were made by Schilling 
et.ai in [SC91] except using a 1956 MHz center frequency. 

Operation in a Three Dimensional LattJce 

In multistory buildings, three dimensional reuse patterns need to be considered for 
microcellular architectures. Signals from the adjacent floors can interfere with each 
other. Three-dimensional frequency reuse patterns have been studied by Porter [POS5] 
using crystal lattice structural models. His basic conclusion is that frequencies can not 
be reused as often because D/R 2 grows only as N 1/3 in three dimensional lattices. 



1. Abstracted from 



2. D/R i« a measure of the separation between same Irequcncy cells. D is the separation between same frequency base 
•Laoons and H la the radius of a cell. Larger D/R veJues reduce cochannei interference. 
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His most efficient packing structure, s closepacked lattice structure yields: 
D/R = (8/3) 1/2 N 1/3 
Solving for N: 
N - (D/R) 3 / (8/3) 1 - 5 

Assuming that only the nearest 6 cochannel users contribute to the 
interference picture: 

(S/l) = (1/6) (D/R) tt 

Solving for D/R and substituting: 

N 3 ^ = (6S/I) 3Vo /(B^) 1 - 5 

The corresponding two dimensional formula, eqn 1 in Andy's paper is 
(sg _ fc em 2/a / 3 

These formulas are 2 i?ot particularly accurate for small N configurations but serve to 
Illustrate the general trend. r>3-*>~-z compares frequency reuse factors for 2-d and 3-d 
hexagonal lattice structures assuming a propagation coefficient of 2. For a given Sfl. tne 
3-d architectures require substantially more frequencies; particularly for narrowband 
modulation formats requiring high S/l. As an example, consider the results ot-c<?-.2£-3 
where the propagation coefficient is set to 3.34. typical of the AMPS cellular telephone 
system. 

In e two dimensional lattice, if the threshold C/l is IS dB, an N-7 cell architecture Is 
permitted The same situation, translated to a 3-dimensional lattice, requires an N=25 
cell structure. Capacity per cell is reduced by a factor of 25/7 = 4 since each cell is given 
only 1/4 as many frequencies to use. 

■tig.ic-H plots the ratio N^/Ng-d as function of required C/l tor selected propagation 
coefficients. Systems requinng high C/l are most strongly impacted In the transition to a 
three dimensional lattice. . 
The above conclusions are based on an assumption that signals propagate equally wen 
between floors as intrafloor. PCNA [PC92] measurements at 1956 MHz show excess 
interfloor losses of 1 1 to 22 dB through one floor, 25 dB through 2 floors, and 30+ dB 
through more floors, depending on construction. Although this alters the frequency 
reuse problem, it doesn't reduce It to a two dimensional lattice; distances between floors 
are usually small compared with the cell size. 

Wireless Market Penetration 

Some of the indoor scenarios indicate very high user densities per m 2 , typical of current 
wireline operations. We question whether wireless operations will penetrate the indoor 
market this deeply. We expect about 15% market penetration at most. Larger cell sizes 
would be expected with potentially greater spectrum requirements. 
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INTRODUCT TON AND SUMMARY 

Based on work begun in' 1987, Omnipoinr has developed an 
Asymmetrical Two --ay Wireless Network ( "ATWN" ) which will 
provide a low cost., highly spectrum efficient method of 
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delivering rwo-way data communications to the current generation 
of mobile computing devices such as portable computers, nev 
pen-based computers , industrial portable data devices and the 
expected class of consumer "nomadic devices" such as those 
recently described as being under development by Apple Computer. 

What differentiates Omnipoinfs two-way system from all 
other known two-way u-ireless services and proposals is that it 
is able to combine existing and future low capacity wireless 
links with a high capacity channel to produce what appears to 
the user like a full duplex network. The only difference from a 
user's perspective from a full duplex network is that the data" 
speeds vary by directions. The speed from the remote unit to 
the host will be slow (using A3DIS, RAM or cellular frequencies) 
while the speed from the host to the remote will be very fast 
Casing the 1B50-1990 KEz band). This fits most real world 
applications where a relatively small number of requests to a 
host results in a much larger amount of data being sent from the 
host in response. Indeed, research has shown that a ratio of 
100 characters bound from the host to the remote for each 
character bound to the host from the remote is a typical 
situation. In many cases the ratios may be much larger than 
that. 

ATWN should be distinguished from simulcast data delivery 
systems such as the Data Broadcasting Service which Omnipoint is 
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developing wirh HcCaw and Oracle. Such systems perform an 
equally valuable but different service from the data or. request 

function of ATWN. 

Spectrum efficiency is at a premium in the ATWN system. It 
uses any frequency available which co-exists with Operational 
Fixed Service <»OFS»> users. Indeed, it is also compatible with 
a voice-based PCS system. This is because it delivers data to 
every cell using different frequencies and the cells are 60* 
sectorized so that data can even be delivered to every cell 
sector using a different frequency. Because of this 
sector ization, the system will automatically select an OTS 
frequency which is not in use within the applicable 
interference-free distance. 
rn-.-QORAT- nACrCGROUND 

Omnipoint is a five year-old company specialized in 
developing spread spectrum communications systems for a variety 
of end user applications requiring wireless voice, data and 
video links. Omnipoint is a privately held company with 
financial baching from the investment banking firm of Allen L 
Company, which was the founding investor of MCI Communications. 
Inc. and Digital Switch Corporation. 

With over 300 person-years of experience in spread spectrum 
technology, Omnipoint has assembled one of the most 
knowledgeable teams of engineers and scientists in the 
industry. Accomplishments . of Omnipoint personnel include: 
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veloament of the first produceable spread spectrum 



system, 

o Design of the U.S. Navy Fleet Satellite Communi cations 
network, 

o Design of both hardware and software of the "next 

veneration" National Security Agency encryption chips . 

o Authoring the first textbook on spread spectrum theory 
and application. 

In addition to voice products, Ctanipoint also provides 
wireless data communications products to companies such as the 
world's largest supplier of communicating hand-held terminals- 
Additionally, teamed with Texas Instruments. Omnipoint was 
chosen by the Chicago Board of Trade and the Chicago Mercantile 
Exchange to develop a prototype communications system for their 
automated commodities trade reporting system. 

TES paQTST.TM ANT) TTTT SQ UTTTON 

Portable computers are currently the most rapidly growing 
component of the computer industry. The "next generation" 
portable computers will be the pen-based computer now in 
development. Forecasts for the demand for pen-based systems 
vary but most projections state that in a relatively short time 
frame there will be millions of such devices in the 
marketplace. Consumer "nomadic device" forecasts are even 
greater. Some forecasters project that as many as 60 million 
such units may be "in the hands of consumers in the next decade. 
The bulk of the usage of such devices when engaged in two-way 
communications will be to request data from a host network. 
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Examples of the type of uses referred to are as follows: 

1. Personal rr Private Dst£ Base Access. A user needs to 
access his own remote host computer for queries such as checking 
inventory levels, credit reports, status of work in progress, 
current pricing and checking host-based electronic mail when the 
user is in the field. 

2. Public Information Services. Growing numbers of 
jurisdictions provide remote access to public information such 
as real estate transactions, building codes, court calendars, 
meeting schedules and other forms of information which may be of 
interest to the public. Cost-effective portable access to this 
kind of information will increase its value to the citizenry. 

3. Data Upon Request . When the desired data is a document 
or file of substantial size, other existing and- proposed 
wireless networks make the retrieval of such lengthy documents 
slow for real world use and/or extremely expensive. For 
example, at current AHDIS pricing, transmission of a single one 
megabyte file would cost about $800 and would take nearly an 
hour to transmit under the best of conditions. ATWN could 
accomplish the same transfer in 16 seconds at a much lower 
cost. Examples of applications for this kind of data upon 
request includes retrieval from a central host source of police 
material such as fingerprints, photographs and case files; fire 
department use such as building plans, hydrant locations, maps; 
hazardous material inventories and first-aid instructions: 
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corporate, academic and government uses, such as retrieval of 
naps and geological information, customer records, price and 
policy changes, architectural cravings, etc.; and transfers of 
any data in the form of computer file such as a word processing 
document, spread sheet or even computer software, thus providing 
the remote user with at least theoretical access to everything 
on his host computer. 

Many computer users are used to the above types of 
applications in a stationary mode on a local area network or a 
vide area wireline network. These users will be disappointed by 
many of the slower speed symmetrical offerings that are in the 
marketplace or proposed for mobile usage. We believe that ATWK 
comes the closest to replicating a wireline-style access over a 
vide area to wireless device. User expectations will also be 
further increased by the current rapid movement from character 
base operating environments such as MS-DOS to graphical 
environments such as Microsoft Windows. Indeed, all pen-based 
computing will be graphical in nature. 

Omnipoinfs solution, as described in more detail below, 
involves integration of existing slow speed networks for 
mohile-to-bost communications O ■ £ ■ ■ AHDIS, RAM or cellular) 
with a high speed outbound link in the 1850-1990 MEz band from 
the host network. The method for achieving high speed outbound 
communications in the 1850-1990 MEz band, and for integrating 
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two links ir.ro a transparent error free, full duplex 
transport layer is a proprietary protocol that is designed to 
take advantage of state-of-the-art capabilities, including the 
use of a highly intelligent and computationally intensive data 
center to integrate the two links. 

By designing a custom protocol reflecting current hardware 
capabilities at the remote terminal. Omni point has been able to 
achieve exceptionally efficient use of the outbound spectrum, 
reducing by as much as SOX the data that needs to be transmitted 
on a transmission error condition, as compared to older 
protocols. This has been done in combination with an innovative 
and proprietary error recovery mechanisn designed specifically 
for this hybrid application in a wireless environment. 
— C^NTCAI^ D5SCRTPTI0N 

The objective of ATWN is to provide vide area distribution 
of high speed . nominal 600 kbps data to mobile units without 
disturbing existing OFS users in the 1850-1990 MEz band. To 
this end, Omnipoint proposes a modem and network consisting of s 
unique low power direct sequence spread spectrum system coupled 
with a two-way low speed channel. 

An array of low power transmitters 1 , spaced approximately 
one mile apart. 2 will provide data distribution services at a 
data rate of 500,000 bits per second on a co-existence basis 
with OFS users. Sharing with OFS will be accomplished using 



1. 0.100 watt nominal EEP. 

2. Local snacing can be increased or decreased in accordance 
with OFS interference engineering studies by altering 
transmit ZSP. 
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a frequency avoidance strategy combined with sectorized transmit 
antennas. In difficult situations, orthogonal polarizations J 
will be examined as an approach to reducing interference into 
the OFS receiver. Specific frequency and antenna parameters 
will be engineered on a site by site basis to ensure OFS system 
integrity. 

Because mobile units do not transmit in the OFS frequency 
band, there is no "Rogue" transmitter problem such as would 
occur in a two-way in-band system. 

Furthermore, because the system uses sectorized antennas . it 
can also operate at frequencies not usable by PCS services 
because of OFS interference considerations. 

ATWT? does not require a specific frequency allocation but 
instead will use frequencies on a space available, licensed 
basis. Requested transmission bandvidth is 10 MEz, which is 
consistent with current OFS channelization policies. 

^vsfpn Dgy rrinfinTi p_t^' Sharing Approach 

Recognizing from the onset that the ATWN network must 
coexist with current OFS users. Omnipoint has specifically 
engineered its system to have minimal impact on OFS operations . 
Key features to promote sharing include: 



3. The system to OxS cropagation path is basically tower to 
tower and polarization preserving. The system to mobile 
transmission paths normally have significant cross 
polarization coupling due to multipath; usable energy will 
be received. 
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o Direct sequence spread spectrun for low spectral 
density, reduced sensitivity to multipath. sac. 
mechanism for three-way data transmission. 

o Sectorized transmissions to avoid jamming 07 S . 

o Three-way data transmission to reduce transmission 
power . 

o Data request queries carried over cellular or PCS 
channels . 

Referring to -f/g the system uses multiple base 

stations in an approximately triangular grid to cover the 
service area. Each base station site consists of six 
transmitters, each separately driving a 60* sector antenna. 
Although not required, the frequency of each transmit sector can 
be different if necessary to minimize interference between this 
system, OFS and PCS services. The data transmission rate csa be 
independently set from cell to cell. 5 

In any given triangular service cell, the three base 
stations that form the corners of the triangle (a) send high 
speed data using appropriate 60- sector antennas, (b) use 
different spreading codes and (c) potentially use different 
frequencies. Within the data stream, block, interleaving and 



U For aesthetic reasons, conformal mount, flat antennas 
mounted on the sides of buildings may be used in some 
areas where obtaining zoning for tower mounted antennas is 
difficult or economically undesirable . 

5. Different: sectors of a base station may be transmitting £t 
different rates. 
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convolutions.! encoding is also used to further mitigate fading 
and interference effects. An additional low rate, base 
station/sector identifier data stream unique to each transmitter 
is included to facilitate mobile unit location determination and 
data transmission query processing. 

The data on the outbound transmission in each triangular 
cell will be different. Since each sector antenna will need to 
-transmit a different data stream, the requirements are sis: tines 
that of the data broadcast service. 

At the mobile receiver, because each transmitter can also 
use a different spreading code, the signals can be separated and 
processed' independently prior to data system combining. The 
Omnipoint receiver independently despreads the three signals, 
performs soft decision data demodulation and then combines the 
data streams prior to convolutional decoding. Code based, 
variable delays are introduced to synchronize data streams prior 
to combining. 

Base stations are easily and precisely synchronized using 
the Global Positioning System. Including base station position 
in the data stream, the user can locate his position to an 
accuracy of about 30 feet by measuring pseudorange to each of 
the three transmitters 6 . As a further benefit, the user can 
measure time within an accuracy of about 30 to 100 nsec. This 



6. G?S does the same thing only using a fourth channel so it 
can measure altitude. 
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feature will be es^remely useful in synchronising other systems, 
and will be especially offered for synchronizing PCS base 
stations . 

Advantages associated vith triple transmission and spread 
spectrum formats include: 

o Significantly reduced sensitivity to signal shadowing 
effects caused by buildings, hills, etc. ATWN is a 
reliable data transport medium with a high percentage 
of coverage. 

o Mitigation of multipath fading effects and enhancement 
of error correction coding performance. Triple 
transmission provides space diversity. Spread spectrum 
provides frequency diversity, 
o Use of frequency selection diversity when all three 
transmitters are not using the same frequency or 
interference is encountered. 
All of the above 'factors combine to significantly reduce 
required transmit power and hence the potential for OFS 
interference. Referring to -f*gs. 7-F 7 when transmitting in 
the direction of an OFS receiver, if the same frequency is to be 
used, an exclusion zone must be established. The required 
exclusion range is a function of transmit ZRP and allowable OFS 
receiver threshold elevation. Because Omnipoint uses a 



7. A worst case, free space, line of sight propagation model 
was used in* generating this figure. 
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aoiselike. spread spectrum signal, the effect of ATWK 

transmissions cn OFS is to increase the apparent noise figure of 

the receiver. Referred to as threshold elevation, this apparent 

noise figure increase has the effect of reducing SS/No. 

TSB10-Z, the governing standard for OFS interference, 

requires no more than 1 dB of threshold degradation- Referring 

to -f/#s 7-r a five mile exclusion zone is needed for a 0.100 

wart ERP transmission towards the OFS receiver when using the 

same frequency. Relaxing the threshold elevation standard to 6 

d5 , a 0.100 watt transmitter requires an exclusion zone of 2.3 

miles. While the ATWN system can operate within the constraints 

of 7S510-E, Omnipoint notes that most OFS links are extremely 

. 8 

over engineered. 

Svsteia Performance 
To maximize deployment flexibility, the ATVN system is 
designed to permit all sectors and transmitters to operate on 
any frequency. In computing the effects of mutual interference 
within the system, worst case conditions are assumed where, for 
coexistence reasons with OFS microwave base stations must use 
the same frequency. It is further assumed that the receiver is 
located in the fringe transmission area for the cell. This 
vields a worst case scenario for cochannel interference. A 



8. A COMSEARCE study cf all Houston OFS links showed average 
fade margins of 5^.^ dB . This corresponds to a mean 
outage time of 1.3 seconds per year for a 25-mile link. A 
5 dB threshold elevation would lower fade margin to *8.£ 
dB; outage time increases to 5.2 seconds per year. 
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Eats., large city urban proportion model is used to estimate 
path loss from sector transmitters to mobile units. Recall that 
Onnipoint uses worst case free space loss fron the transmitters 
to the OFS towers when calculating potential interference to 
OFS. Thus, conservative assumptions are used in each case. 

Ffg, 3 depicts maximum data rate as a function of base 
station separation for 1, 2 and 3 signal combining assuming 
receivers are located 6 feet above ground level (AGL) . The 
0.100 watt ZRP sectorized transmission antennas are located 100 
feet AGL. When base stations are close together „ data rate is 
dominated by mutual interference considerations while at' wider" 
separations, the system is noise limited. In bigh OFS density- 
areas, a triangular grid of transmitters 1 to 2 fan apart 
provides a 600 kbps data rate. 

OFS interference considerations may force one or more of the 
three transmitters on a triangular cell to operate at difference 
frequencies, or not transmit at all in extreme cases . The 
receiver will have the option of selecting any of the available 
transmission frequencies based on local propagation 
characteristics and received S/Cl+N). Ue also note that where 
three frequency diversity is available, a propagation path 
better than tbat predicted by Sata is .likely; data rate 
estimates for the 1 signal, combining case are ratber pessimistic. 

Because of the hybrid nature of the network, the 
availability of the inbound low speed channel can be used. 
Independently set data transmission rates from cell to cell can 
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ever, be smirched in real time according to user originated 
service recuests. A user experiencing good quality reception 
could request a higher data rate if total traffic warrants. 

In establishing the cell structure, there is a tradeoff 
between power cell spacing and data rate. During initial 
service offerings, Omnipoint may choose to provide a lower data 
rate on the outbound channel with wider base station 
separations. As demand grows, more base stations can be added 
to the network in a cell splitting arrangement. Alternatively, 
in low OFS density areas, it may be appropriate to increase 
transmit power . 

Fios- z\—i~ c ~'~£> cocunent increased base station 
separations achievable by raising ZKP to 0,500 watts . 1.000 
watts and 100 watts, respectively. Peak data rates at close 
separations are not affected since performance is S/I limited to 

these regions. 

F 1 5-. a/- 7 demonstrates how -the ATVN system conducts 
self-interference distance calculations so as to avoid 
self -jamming transmissions. This shows the worst-case scenario. 

pTSTTNCTTQN £j£B A WANT ASS S OT ATWN CONCEPT 

As described above, the ATVN concept makes use of a high 
speed outbound link with the use of an integrated back channel 
which enables a large amount of data on a customized basis to be 
delivered to the user in the field in an extremely spectrum 
efficient manner. 
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This concept should be distinguished fros other services 
which are coateaplatec by Oanipoint and others which use a 
simplex link without the integrated back channel. This latter 
service can be described as a Data 3roadCasting Service 
("D3CS"). Omnipoint is developing such a concept in a joint 
undertaking with Oracle and lie Caw. This concept uses an N=l 
(i.e, the same frequency) in every sector and cell and is thus a 
simulcast system. In other words, the same data at the same 
time is transmitted on every cell in a particular city. This 
type of service is for real time data such as low cost E-mail 
delivery and for electronic information and other software 
publishing where the same data is going to millions of users. 
This is an invaluable service for which there is great demand. 
ATwN is simply a different service meeting different needs - 
In contrast, the ATWN outbound link uses any frequency 
available in the 1850-1990 MHz band so that it can co-exist with 
OFS and with PCS. The cost of the ATWN network will be several 
times higher, but it will be used for totally different 
applications. ATWN delivers different data to every cell and 
can even deliver different data to each of the six sectors in 
each cell, all using different frequencies. Thus, this two-way 
system is for a completely different application, i.e., data on 
request. Other differences include the type of transmission 
•network in that more cells and many more frequencies are 
utilized, although in a sp'ectrum efficient manner. There is a 
different network protocol as described in detail above whereas 
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DBCS is a streaming simplex protocol from a single data center. 
Omnippint's hybrid tvo-vay is an as>mmetric duple* protocol 
interconnecting two networks and in all likelihood more than one 
data center, finally, the modems are very different and the 
pricing is dramatically different in that data broadcasting 
spreads the cost over many recipients. 

A good analogy between D3CS and ATWN is that between 
conventional paging and cellular. In both of those cases, the 
simplex-only product uses a very low-cost receiver and s 
relatively in ex pensive transmission network to provide a 
low-cost service to a very large niarket . The duplex offering 
anticipates considerably more expensive equipment, a large 
investment in transmitters . a very high and flexible level of 
functionality with commensurately higher costs and fewer, 
although still large, numbers of users. The simplex network is 
likely to be best utilized by a city-wide simulcast using a few 
towers. This, of course, requires significant coordination with 
the OFS users so as not to conflict with their frequencies. An 
ATWN network, in order to achieve the necessary capacity within 
the constraints of a frequency allocation, will need to be 
designed to provide unique data in each cell. This will require 
a frecuency agile receiver and substantially more towers to 
allow for co-existence with OFS licensees. Omnipoint believes 
that markets exist for both classes of service but it should be 
clear that they are inherently different businesses. 
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The data on request aspect of ATWN is a unique, efficient 
and cost-effective method of accomplishing this growing need rcr 
data in a mobile context. Private users, police, utilities, 
governments, etc. all will increasingly need rapid access to 
data in a low-cost and efficient manner. These private requests 
consist of accessing personal, corporate or government files, 
not a single centralized data base. The ATVW concept allows for 
a lower speed per cell but dif f erent ■ data can be sent from each 
cell and from each sector of a cell. The remote instrument can 
tell the network which frequency to use to send data to 
whichever, tower is closest. This intelligence enables the 
freouency agile receiver to utilize the network, and the 
frequencies available to it in an extremely efficient manner. 
Moreover, the speed of the outbound data from the host network 
back to the receiver in the field is far faster than any other 
method now being utilized or currently proposed. For example, 
most modem rates run between 2,400-19.200 bps. The ATWN concept 
will be as high as 400-500 kilobytes per second. 

Since different frequencies will be utilized, each cell 
using the ATWN concept will need less spectrum than other data 
transmission systems. There is always a non-interfering OFS 
frequency available in each sector of each cell. The reason 
that there is no interference is that there will be no mobile 
uses in the 1850-1990 MHr frequency band in the ATWN proposal. 
This is because the communications from the mobile unit axe not 
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on these frequencies. The OFS frequencies are used only for the 
outbound links. They are used on sr. interference-free 
sectorized basis. Moreover, the frequencies that will be 
utilized by the sectorized cells will be frequencies that PCS 
cannot use because the omni-directional aspect of their 
transmissions will cause interference to OFS. The spectrum 
choice that PCS makes will have to be on a non-OFS interference 
basis, thus allowing the ATWN system to efficiently use the 
interstices in this frequency band. 

In conclusion, what Omnipoint has done with the ATWN concept 
is to design a system to meet an identifiable and growing demand 
for the provision of a high speed, low-cost, two-way 
transmission of data on request. 
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The system features and options designed into our systen and 
proposed for use in the "merging Technologies Band", especially in 
the 1850-1990KK2 portion, are the result of an enormous amount of 
research into the- actual operating characteristics of the incumbent 
nicrowave users. In fact, our approach to sharing was to put 
ourselves into the shoes of an incumbent and ask what we would expect 
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and demand, what we would be willing to agree to, and what we would he 
willing to negotiate if confronted with a prospective PCS provider. 

The PCS systess which we heve been tailoring lor use in this 
band end have now reduced to operational microcells and pocket Fhcnes 
reflects the evaluation of an enormous number of tradeoffs. The 
systeo was designed not only to provide optimal efficiency for both 
outdoor, wide area PCS as well as indoor, private premises PCS, but it 
was designed specifically to coexist with other users, particularly 
the OFS incumbents. 

In this proceeding which is wrestling to identify not just 
innovation but commercially deployable innovation, we feel it is 
important to reiterate that we have operational, spread spectru=, 
pocket phones and wireless systems operating in the 1850-2200 Ky.z band 
that incorporate the critical system features discussed in our 
Pioneers Preference. We have been, and continue to be the only 
supplier of handheld, direct sequence, spread spectrum phones for PCS 
experimental license holders. In fact, over the past three years 
Omnipoint has been the only U.S. company other than Motorola to supply 
PCS handsets of any kind to experimental license holders. (Motorola 
has been supplying CT2 equipment at various frequencies). 

We emphasize this point because there are huge differences 
between a) principles of operation that can only be modeled and 
simulated; b) what can be demonstrated in a prototype that has no 
constraints on size, 'power consumption, cost, or mass producibility ; 
and c) what can be achieved in e handheld RF product. We also suggest ■ 
that our proximity to commercialization be viewed as an indicator of 
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hov long we have been at this as well as the fact that we are far 
beyond the miniaal "technical feasibility" stage for consideration of 
a Pioneers Preference. with the exception of CT2 based systems, we 
believe we have the only PCS system which will be commercially fielde 
this year. Recall that CT2«s technology dates back to the original 
developments of PA Consulting and Ferranti in the U.K. in 19S2. 

As we indicated in our corsents with respect to this pes 
Pioneers Preference proceeding, in seeking a preference we are not 
esking the FCC to implicitly set a standard using our particular 
technology solutions. Rather we believe multiple parties deserve a 
preference, including those proposing alternative approaches. We 
believe the market will inevitably sort out multiple standards, as it 
has in the computer industry and the wired F2X industry. Just as 
personal computing embraced different de facto standards for different 
needs -- Kaclntoshs, IBM compatibles, UNIX, vr.S, etc personal 
communicating will also seek out different solutions for different 
applications. 

With respect to the Pioneers Preference, we believe we have 
contributed in many innovative ways to a vision of the meaning of PCS 
distinct from other services which are inherently predicated on 
different technical and operating assumptions (such as cellular) . The 
many years and millions of dollars we have invested in original 
research into multiple sharing technologies and solutions to the 
problem of providing both in-building as well as outdoor PCS has 
"brought out the capabilities or possibilities of the technology or 
services" of PCS and "has brought them to a more advanced or effective 
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state". Although we are often thought of as a spread spectrua 
pioneer, our spread spectna approach proposed for PCS in the 
frequency bands under consideration was derived by defining our vie-- 
of the service. 

As we will show below, our vision of the PCS service 
resulted in a very different approach to using spread spectrua than 
any other spread spectrua based systea proposal. 

in its siaplest outline, our vision of a PCS "service 
required a solution vhich would: 

Allow for independently owned and operated base stations on 
private premises such as in offices and residences and 
interconnected to existing switching pletforas; 

Provide fcr direct interconnection to the existing PSTN to 
leverage the encraous investoent in infrastructure including 
ubiquitous access end backhaul, the Advanced Intelligent 
Network's («Kj features, and the ability to provide most of the 
features and sen-ices which aake "personal conaunications" 
"personal" ; 

Provide for the possibility of extended backhaul through 
infrastructures of various aedia, including fiber optics and coax 
such as those used or being planned for the Cable TV networks, 
before coaplete deaodulation and processing of the signals; 

Provide the consumer with the option of using a single 
handset with either private or public networks; 
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Allow for early deployment through using technologies 
specifically designed Ho allow sharing with the incumbent ors 



users. 



While these goals nay seeo intuitively obvious to some 
people today, there are meny technologies proposed for introducing PCS 
in the U.S. that were neither designed to achieve these goals nor 
could be used to achieve "then. 

It is i =por1:ant to rccall that not one oi publicly Jujown 

. technologies which were in use or even in development prior to i 5 S9 
was designed to achieve all of the above goals or could do so now - 
CT2, CT3, DECT, GSM, Analog AMPS, XS-54 TDHA, etc. 

PCS service concepts and spread spectrum techniques both had 
their public -awakenings', in 1989. Although Ctenipoint had spread 
spectrum prototypes operating in its laboratory screen rooms in 1957, 
the general explosion of interest in developing spread spectrum 
systems only began in 1989 as the capacity and sharing limitations cf 
traditional RF technologies becaae painfully clear. The sudden 
explosive der,and for handheld cellular phones once they reached 
certain sire and price thresholds and the need for much larger amounts 
of spectrum to meet the market projections for a myriad of new 
wireless applications, became the blades of the scissors which cut 
through traditional thinking on both technology issues as well as 
spectrun reallocation issues. 

Spread spectrum, however, is not one technology. m fact it 
is an information theory whose insights can be exploited in radically 
different physical implementations. CDMA-only systems such as those 
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proposed by Qualcoaa, SCS hobilecoa, and others are very different 
from Osnipoinf s, not just in their technological approaches, but in 
their ability to provide certain PCS services. For example, 
Qualcoaa «s systea vas designed for the needs of cellular operetors and 
reflects the goals and limitations vhich that focused purpose gave 
then. As discussed below, Qualcoaa's cystea vill not aeet the service 
goals we set for ourselves (as defined above) without sacrificing its 
capacity gains. SCS Mobilecom's approach also reflected a different 
vision of the PCS service concept. These are not necessarily 
criticisms, nor are we saying they don't deserve recognition for their 
own achievements and visions of PCS . But we feel it is critical for 
the Commission and the coaaunities affected by PCS , including the OFS 
incumbents, to understand the significant differences between 
various PCS technologies and architectures and their regulatory 
implications. 

The premise of Oanipoinfs pioneers preference request is 
that our original developments and experimentation have f er reaching 
significance for three broad areas of immediate concern to the Pes 
licensing procedure: 

Regulatory Reallocation Options 

Service Definitions and Spread Spectrum Technology Choices 
Definition of Interference as the Key to Introducing PCS 
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I- Regulatory Betn 0 r ^j on OntiVnc 

Jhe Sub-jle Tntf-Pley Befu*en Te^.n M egv anr* P^li^'or fsounrf tti 

Our position has been that defining the meaning of the words 
primary and co-primary, which r«ns specifying the definition or 
interference, is the key to introducing PCS into the Emerging 
Technologies Band. 

Different technological approaches have different" abilities 
to coexist. We do not believe that the Commission should atter.pt at 
this time to pick specific technologies. "But the rules should 
recognize the radical differences in sharing capabilities among 
different approaches and both implicitly and explicitly reward 
techniques which facilitate greater sharing. 

Equitable rules governing the allocations for different 
"Merging Technologies" end services and the process for relocation 
and negotiation of OTS incumbents will be derived from the 
.interference and operating characteristics of specific proposed PCS 
technologies . 

Oror.ipoint would also welcome an objective, balanced, 
"spectral efficiency criteria for Emerging Technologies if the 
complexities of agreeing on the assumptions could be resolved. 
Omnipoint's system was designed to optimire capacity relative to the 
real world requirements for sharing and economic viability. We have 
tried in various industry forums and standards committees to come up 
with mutually agreeable guidelines for defining spectral efficiency, 
but unfortunately we are now convinced such a standard can not be 
created at this time. 
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Real world "spectral efficiency" is a very- complex concept 
and involves far sore then a "bits per Hertz per square kilometer" 
measureaent. one has to take into account a myriad of factors 
including the actual service application and cell sizes, whether it 
involves handcff, whether it is an in-building application with severe 
aultipath and three dimensional reuse requirements , whether the 
methodology will allow for independent ownership and operation of 
fiQTiipment, as well as the cost, complexity, and time to market issues 
so critical to the deployment of consumer products and commercially 
viable network infrastructures. 

In addition, with respect to use in the "Eaerging 
Technologies" band, one has to factor into any "spectral efficiency- 
equation the ability for the methodology to share with the ors users. 

Consequently, although an understanding of a specific PCS 
architecture '-s capacity relative to its limitations could be a majcr 
topic during comparative hearings if that method is used for 
determining licenses, we see no way to codify spectral efficiency in 
the abstract. To a large degree, awarding multiple preferences for 
different geographic areas for competing technologies will both spur 
continued innovation while forcing the license holder to balance off 
the benefits of additional innovation against the economic realities 
of the marketplace end the benefits of industry standards. 
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Implications of Interference Analysis for Spect~ur 

££ ^ £icrs Frpr Ss^i^ sas^e^g gaiigv 

The potential for interference to OFS systeas frca PCS 
systems is very real, but varies drastically depending on the PCS 
application and the PCS RF architecture. As docuaented in our 
Pioneers Preference request and in our experimental reports, even c 0 
degrees outside th* brwrowtn c* B akaav£ T — £T narrowband PCS 
systeas cause significantly nore interference than a 10MHz spread 
spectrum PCS systea, all other assumptions being egual (power levels, 
propagation assuaptions, degrees outside the beaapath, etc.) 

The heart of the regulatory issue involving sharing is to 
define exclusion zones around the aicrowave towers that vary in sire 
depending on the interference characteristics of the PCS technology 
proposed for deployment. As long as a PCS operator's chosen 
technology is used outside that technology's exclusion zone, the PCS 
operator only needs to infcrr. and coordinate with the incumbent OFS. 

The rules governing PCS should carefully detail the 
definitions of interference, sharing, priaary, co-priaary etc in such 
* manner that they implicitly and explicitly recognize the differences 
in sharing capabilities between various PCS technologies and 
architectures. By carefully setting this up at the beginning, the 
Ccaaission can then reaove itself fron both the process of setting PCS 
aodulation standards and the drain of case by case territorial 
conflicts. 

The specific PCS application and the Pes RF architecture 
proposed by any operator will therefore dictate wfcen e PCS operator 
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will have to nggSSlgtc with specific OFS incumbents as opposed to 
sioply inforaing and coordinating with them, (in the extreae case cf 
unlicensed PCS applications, negotiated national band clearing of 
specific frequencies is virtually mandatory, especially if narrowband 
systeas are allowed. ) 

Thus, almost any technology could be a candidate for PCS 
deployment, but they would have different economic and operational 
constraints. For example, although most existing narrowband systems 
which are candidates for PCS in Europe (eg, CT2 , CT3 , DECT, GSK, 
DCS1B00, etc) are neither able to share very effectively with OFS nor 
are particularly spectrally efficient, they need not be eliminated. 
The sharing rules and interference definitions to be established for 
PCS r.ay simply l ici t such systems to much lower power levels, larger 
exclusion zones before triggering mandatory negotiations for 
relocating OFS incumbents, fewer total channels, much closer 
positioning of base stations, and higher infrastructure costs. These 
systems' higher infrastructure costs, scalier cells, and lower 
capacity coupled with the added costs of higher front end expenditures 
for relocating incumbent OFS users will presumably have to be passed 
on to their Pes customers. A PCS system which can coexist much closer 
with the incumbent OFS users without triggering mandatory relocation 
negotiations would be permitted to use higher powers, larger cells, 
and initiate service earlier, thereby lowering infrastructure costs 
and offering more capacity. These lower costs would be passed on to 
the PCS consumers. 
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Thug th£ PftT)cet v^i ^y erd effic^nt ShMJZlllc t, eht , n1f .. <M 

prov i de the cpy-ission as^zlis^ ^ r -<n c zal&s >^ — r ~ 

cr i sis vh i gh CHows PCS Providers to r.n ^ tljr. on t^lv jnjora ^yg 
efficient, shading taatoiolgslag 

In meetings with the Utilities Telecommunications Council 
(UTCj and as a member of various standards committees and industry 
groups concerned with the development of PCS, Onnipoint has 
consistently taken the position that no OFS incumbents should be put 
on a "forced march" as, one OFS lobbyist described their fear. We 
believe that the PCS entrants should not interfere, and if the 
potential for interference, as defined by the exclusion zone rules to 
be established as part or the PCS proceedings, indicates that a PCS 
operator could cause interference, that PCS operator must first 
negotiate with the OFS incumbent to re=ove or otherwise compensate for 
the potential interference. in the event such negotiations are unable 
to resolve the issues within a specified period, either party may 
insist that as a condition or commencing PCS transmission in that 
exclusion zone, the OFS incumbent be relocated to equally reliable, 
equal capacity, alternative spectrum or communication means (eg, fiber 
optic cable, satellite, etc.) at no cost to the incumbent. 

There would clearly also have to be rules defining what 
equally reliable spectrum means, minimum and maximum time frames fcr 
relocating and having in operation the alternative link, periods of 
redundancy provided by the original link until the transition was 
proven, and a means for arbitrating disputes. 
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Negotiated settlements could no doubt allow many OTS links to 
remain in the band if they chose to be compensated rether than coved. 
The PCS operator will clearly make the economic tradeoff between the 
cost of a relocation and the cost of the negotiated settlement. 
Coupled with the PCS operators ability to choose PCS technologies that 
have different exclusion zones, the free market will Bake aan y of tne 
decisions that would otherwise require nassive regulations. 

Although this process would provide solutions for many 
situations, there would also have to be limit* on what was negotiable. 
Critical communications links whether for public safety, utility load 
managesent, pipeline monitoring, railroad switching, etc should not be 
allowed to be negotiated away, especially not on any dynamic channel 
sharing scheme. One can never tradeoff the value of a critical 
communication against the willingness of consumers to" pay for a call 
to check on what groceries they should buy on their 'way home from 



work 



For this sort of negotiated relocation to be feasible, 
several other sorts of procedures should be put in place. The 
following ideas are suggestions which need refinement but outline the 
basic parameters. 

There will be concerns not only over what spectrum the 
incumbents will be moved to, but also with respect to what order they 

will be moved. Ironical, it r.av be th* «. B bo 

than the fisss ones to be moved flat -^ . a «„ laudest One 

can not just say there are X KHz of spectrum in a higher band (for 
example BGHz) . The specific geographic pattern of the incumbent 6CHz 
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links, coupled vith the geographic needs of the 2GHz links, es well as 
the need to plan for growth among both constituencies means that the 
optical pattern of relocation should be planned as a totality for a 
given geographic area. if it is not planned as a whole, the first 
2GH2 links to be moved will get the "best" available frequencies 
without considering the inpact on future 2CHz links which will have to 
be moved later. Some specific suggestions are: 

1) To prevent a subcptimal frequency allocation of the 
higher bands, the Commission should empanel so D e entity to perform the 
equivalent of an "RF environmental impact" study for each MSA or 
region. The obvious candidates for assuming this responsibility are 
the PCS operators or entities which receive licenses for the largest 
blocks of spectrum in that area. As part of obtaining a license," 
these ?cs operators could be required to perform the optimizing 
analysis for the entire frequency bands under consideration, even if 
that includes analyzing frequencies not licensed to them. 

2) We suggest the Commission give strong consideration to 
creating a "Critical Needs Band" yjthjr. the existing 2GKz allocation 
for relocation of ors incumbents who truly cannot be moved to higher 
frequencies or alternative media. By establishing a portion of the 
band for the critical needs of incumbents, but placing stringent 
requirements for its use, the Commission can facilitate the entire 
relocation process. For example, if one or two pairs of existing 
10MHz channels were set aside for critical OFS needs, but 
rechannelized into narrower allocations such as SOOKHz to iKHz, then 
up to 2 0 pairs could be assigned for links which truly need the 
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characteristics of 2CHz. These new links would be required to use the 
highest capacity equipment evailable with tight filters, high quality 
antennas, etc. 

If this vere to be coupled with the reguirenent for an "R" 
environmental impact study" as discussed above, then all the 
incunbents could be given an equal opportunity to identify precisely 
how many or their subchannels were really critical and required 2GHz. 
There are a myriad of ways to create incentives as well as checks and 
balances against abuse. 

3) The Commission should specify a trial period — perhaps 5 
years ~ to see if negotiated settlements work, rather than 
permanently grandfathering all the incumbents or specifying a date 
certain for going to secondary status. The Commission should defer 
judgement and reserve the right to review how well the process is 
working and reserve the right to require different policies in the 
future. it is a dangerous precedent to permanently grandfather any 
class of spectrum users. 

<) Perhaps most importantly from a practical perspective, 
the PCS licensees should be given as much -flexible spectrum" as 
possible so that they have multiple parties with whom to negotiate for 
coexistence in any given geographic area. Without true negotiating 
flexibility, allowing recalcitrant incumbents primary or coprimary 
status will result in protracted litigation or arbitration before a 
service can be deployed. True negotiating strength can only be 
provided by allowing a PCS licensee the ability to negotiate with a 
different incumbent if one incumbent refuses to be reasonable. 
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in our pioneer* preference we showed the flexibility „- r*« 
Omnipoint system with respect to frequency coordination ana regu^ato- 
allocation choices. Our fundamental point vith respect to this issue 
vas that a PCS system which could operate in any lOKHz contiguous 
frequency would have much greater chance of Being deployed provided 
the rules allowed the use of "flexible spectrum. We did not specif v 
how much flexible spectrum was necessary nor did we suggest that 
this flexibility should be permanent. We are not suggesting that Pes 
operators be allowed to use up all of the frequencies. pother, 
without some initial flexibility they will not be able to truly 
negotiate to obtain stable frequency allocations through negotiated 
relocations. W . be lieve ultimately each PCS operator will need 30.-. 
to achieve the precise of a nass market. Initially they night be 
allowed 50 or 60 KHz of flexible spectrum which would be reduced to a 
specific 30 KHz. 

Perhaps in return for performing the "RF environmental 
impact study" an d paying to create the -Critical Needs Band" the PCS 
licensees would be given 5 years of flexible spectrum choices. For 
example they could chose from among five or six specific 10 KHz 
channels to attempt to operate or negotiate in any cell. At the end of 
five years they would have to settle in a specific set of limited 
frequencies. Also by the end of 5 years the ors incumbents would have 
to have negotiated settlements for relocation terms and conditions, or 
lose their rights to channels in the -Critical Needs Bands". 

Obviously, there are many permutations on these ideas. The 
fundamental point is that a system with the flexibility of Omnipoint. s 
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as described in our Pioneers Preference application will allov fcr 
maximum regulatory and negotiating flexibility. 

II. Service Paginations end Spread Spectna Technology s n iufln^ 

Omnipoint's Spread Spectrum System Is Radically 
Different Fror. Anv Other Proposed Un r ead Staeetrun 

Although we tried to summarize in our Pioneers Preference 

the cain differences between our spread spectrum approach and that of 

others, apparently at least one commenter — Qualcomm — did not grasp 

how significant the differences are. To appreciate how fundamentally 

different Omnipoint's spread spectrum approach is, ve need to first 

reconsider the basic architecture of CDMA only systems such as 

QualCons's. 

The basic goal of the QualComm approach, as veil as that of 
orher CDMA only systems, is that capacity gains relative to FD.HA and 
TD>1A systems can be achieved through the ability to reuse the same 
frequencies in an N-i reuse pattern. This is to be achieved by 
e-ploying highly orthogonal codes, sophisticated adjustable power 
conrrols, and rapid soft handoff. Qualcoma also employs variable rare 
vocoding, BKbps peak speech rates, and cell sectorization to assist in 
minimizing the system's limiting factor, ie, interference. 

we believe Qualcomm deserves significant credit for its 
achievements to date, and we wish them luck in overcoming their 
remaining hurdles, but they must recognize that theirs is not the only 
approach to capitalizing on the potential for spectrum spreading and 
coding innovations. 
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Both the strength and the weakness or a CDMA-only approach, 
lies in the method for achieving the K-l reuse pattern. We can call 
these approaches -the precise adjustable power control CDMA approach. 

The classic problem with direct sequence systems is the 
infamous near/far problem. In reality, the problem nay or may not 
have to do with distance. The problem is hov to distinguish users 
when the power levels received at a CDMA base station from multiple 
remote transmitters on. the same frequency can vary enormously. 
Relative differences of 60 - 80db in received signal strength froo 
different users are common due to obstructions, multipeth fading, etc. 
Codes, no matter how orthogonal, can only provide a limited amount of 
user separation —perhaps l8-2idb in Qualcona's systea — in a 
typical multipath channel. Further, this code separation is used up 
as more and acre users are added to the systea. To obtain the 
capacity gains, the signals must arrive at the base stations within 1- 
2db cf each other. The classic solution is to use closed loop power 
control (ie,. instructions from the base to the remote) to adjust the 
transmit powers of the remotes so that their signals all arrive within 
the tight tolerances required. in the near/far condition, the base 
station instructs the farther remotes to turn up their power while 
instructing the nearer remotes to turn down their power. 

Achieving this, within a cell or a cell sector where all the 
remotes are under the control of a single base station is fairly 
complex, but the real dilemma is dealing with the remotes on the same 
frequency but not under the control of the same base station (i. 



, e. the 
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resotes in rhe facing cell sectors). Solving this problem is recuired 
in order to achieve the K-i reuse scheae and derive the capacity end 
soft handoff benefits of CDMA-only systems. 

The probles can be envisioned by picturing the intersection 
or overlaps cf two or three cells or cell sectors. Each base station 
sees the interference froa the reaotes in all the cell sectors but 
only has control over the power levels of those within its sector. If 
different resotes fron each sector are in the overlapping area and 
they both go by the sane side of a wall, one base station is telling 
its remote to turn up its power and the other base station is seeing a 
major rise in interference. The solution to the problea in precision 
adjustable power, CDMA-only systeas is rapid, soft handoff so that 
each resote is always under the control of the base station which can 
hear it the strongest. 

And in that solution is the limitation of this precision 
adjustable power control CDMA approach. 

It becooes iaaediately obvious that for this precision 
adjustable power control CDMA approach to achieve its capacity gains 
or to even work at ell in en N=i cell B trurt»r> reguires 1) that 
every base station or cell site be under the control of the same 
operator, and 2) that an entirely new switching architecture be 
developed. 

Switches today are not designed to handle the fact that for a single 
user both inbound and outbound data traffic could be directed through 
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sultiple base stations and switched between thea on potentially a 
packet by packet basis during the call. 

The rar. i ricr.t1nn? pf thes* £wg <^t e a ~ e crofnund fn^ 
e precision adjustable power contr o l CDMA unproech fn- x>r- g . 

1) Qualccaa type systeas aust not only await the 
developaent of special switches for large networks but sore 
inportantly their precision adjustable power control CDMA approach 
neens that their base stations cannot be connected directly to the 
public switched telephone network or any "other installed base 
switching architecture such as PSXes. in essence, their systea 
requires an independent cellular service type architecture approach to 
PCS rather then being able to leverage existing infrastructures. 

2) In-building wireless systems using a precision 
adjustable power control CDMA approach cannot be independently owned 
ana operated by different companies in proxinity to each other using 
the sar,e frequencies. Two independently controlled systeas across the 
hall fron each other in a sulti-tenant office coaplex would jea one 
another with an N=i reuse pattern. Without <-h e K=i reuse pattern the 
Pualcor.r. svs ten's capacity cains evaporate . 

3) Even- if the N-l reuse pattern is sacririced to allow 
independent ownership of base stations it is not clear what reuse 
pattern could be achieved for aierocells so sensitive to saall 
perturbations in power levels. Because these systea must naintain 
received power levels within such tight tolerances (l-2db> to achieve 
reasonable capacity within a cell, any independent systea relatively 
nearby on the sane frequency can cause significant interference. As 
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our earlier experimental reports shoved, the variations in propegaticr. 
path loss are particularly significant for in-building wireless 
system. As 60-S0db differences between independent systems occur, 
any systems on the s«e frequency even fairly f*r apart can still jam 



one another 



<) Kultipath induced frequency selective fading nay also 
cause self jawing since this precision adjustable power control CD.-tt 
approach uses e control system employing open loop es well BS a closed 
loop reedback to set the power levels of the remotes. The open loop 
uses the received signal strength fro the base as a fast indicator of 
where to set the remote's transmit power level. As Q-ualco=m has 
stated in its literature to the TIPl Committi 



:ee 



" If a fast P° wer control method were not 
^ SerS . C f^ ld W«ri«nc« a significant 

flower =fS fi f* g T adatl0n in P^^mance until the 
slower closed loop power control reduces the 
wireless handset's transmitted power to an 
acceptable level." 

The proble= is that the received signal is separated by 45MHz from the 
transmit signal in the cellular bands and is proposed to be separated 
by BOKHz in the 2CKz band. Coupled with the fact that the signal is 
only 1.23KK* wide, the frequency selective fades will be completely 
independent from the receive and transmit frequencies. Using received 
signal strength as an indicator for transmit power in severe fading 
environments is as likely to provide disinformation as information. 
Any resulting error in transmit power has the potential for causing 
interference to the entire system. 

4) Increases in interference translate into signficant 
reductions in capacity for precision adjustable power control CDKA 
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syste=s. On a fully loaded cell, a single interfcrer 3db higher 
reduces the cells' capacity by roughly 50%. This 50% reduction on a 
fully loaded cell appears to either Bean jlH users lose threshold f 
communications or half the users be ir-H^telv f> n r r ^ 

The above co=ents on precision adjustable power control 
CDMA approaches are not neant as criticises but rather to show how- 
different PCS service concepts can require different technological 
approaches. 

ocnipoinfs systes was designed to allow independent 
ownership and operation of base stations and to allow direct 
interconnection to existing switching architectures. It was also 
designed to coexist with OFS users. 

Although there are r.any differences between our spread 
spectrum systen and that of others, perhaps the cost important 
difference is that we do not rely solely on codes and precision 
adjustable pc-.-er controls to separate users. We primarily use a 
complex hybrid of codes, frequency offsets, and tine to separate 



users. 



Through the use of a proprietary coding scheme we are able 
to drive the data rate per frequency channel to extremely high rates 
end to then use tine to separate users within a cell. Ke then use 
frequency offsets and codes to separate cells. Unlike traditional 
TDMA systems we are able to use thousands of time slots per second if 
we choose. By employing time to separate transmissions, we completely 
eliminate the classic near/far problem. Time separation is the 
ultir.ate interference avoidance mechanism. Tine separation elso allows 
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for make before break handoffs because each user's handset can conitcr 
-the other time slots besides the ones it is using for ccmmuni cations 
and establish a second link on another time slot on the sane or 
another base station before letting go of its original time slot. 

Omnipoint r s system does not require precision adjustable 
power controls and continuous soft handoff to maintain capacity and 
could in fact operate even without power controls, an impossibility 
vith CDMA only systems. The systea also can not be brought down by a 
single handset either operating within the network or in an adjacent 
independent network. In fact, unless the systea is completely loaded, 
a single interfering handset will have alnost no impact. Even in the 
fully loaded case a single interfering handset can only affect one 
user not the entire system. As a consequence, the base stations can be 
independently operated, which is a requirement for serving the private 
premises market. 

Omnipoint" s system does not require new switching technology. In 
fact, in conjunction with Ameritech's leadership in this area, 
Omnipoint is developing an interface to ISDN based switches that could 
lead to existing switches performing most, if not all, of the mobility 
management functions normally thought to require offloading to 
separate switching equipment. The same applies to use of our system 
with PBXes and Centrex. . 

Omnipoint is using spread spectrum to achieve substantial 
capacity gains by employing it to overcome the effects of delay spread- 
and frequency selective fading to substantially raise the achievable 
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data rates within & given bandwidth and cell size relative to 
traditional narrowband systems without requiring coaplex, power 
consumptive, adaptive equalizers or precision adjustable power 
controls. 

Simply put our implementation of spread spectrum 
simultaneously achieves capacity gains and sharing capabilities with 
OFS while reducing system complexity. 

211 • PeriPlPQ Interfe-ence as t he K«»v fcp T^rodueino PCS 

' Defining The Meaning of "Primary and Co-Primary" For 

ttjxed Use of the OF? Band win DetV^in. w> , e > hg - Sharing Is P 0 ^<H^ 

Regardless of the PCS systea proposed by a prospective 
operator, one of the single most important issues to be resolved 
regarding the reallocation of the Emerging Technologies band is the 
definition of co-primary and primary. 

Unless band clearing is used, (which no one wants) then a) 
defining interference and coexistence between OFS and PCS, and b) 
establishing the process for determining compliance will become the 
keys to sharing. 

Kuch of Omnipoint's contribution to facilitating the 
emergence of new technologies that can truly share spectrum in these 
bands stems from our work at actually measuring how various RF 
modulation and multiplexing schemes affect real microwave facilities. 

We obtained actual microwave equipment currently in use end 
we built very careful test set ups to calibrate the effect of various 
potential types of pes transmitters on the microwave receivers, 
including: ■ 
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100 KHz systems similar to CT2 

2 00 KHz systems similar to GSM and DCS1600 

500 KHz systems similar to those proposed bv Bellcore 

1.25-1. 8MHz systems similar to some CDMA proposals and DECT 

5MHz and 
10MHz 

systems reflecting our own hybrid approach which incorporates CDMA, 
TDMA, and FDKA with frequency agility. 

We had also analyzed wider CDMA systems such as those 
proposed by PCK America (originally 48MHz duplexed into 96MHz, and now 
<0MHz time division duplexed) as well as our own 13-2SMHz systems. 
However, we cuicXly confirmed three years ago our initial premise that 
such wideband systeas were unrealistic for use in the 1650-1990MM2 
band. While we encourage others, if they choose, to attempt to develop 
adjustable notch filters and other measures reducing broadband 
interference, we confined our development to PCS architectures using 
10MHz or less per frequency channel. Simply put, this decision was 
based on 1) the fact that the geographic pattern of actual microwave 
links in most major cities would mean that in many if not most cells 
any signal wider than 10MHz would be in the beampath of at least one 
microwave receiver no matter how much frequency avoidance was 
employed, thus requiring relocation rather than sharing; (2) the 
inevitable fact that the definition of sharing and interference will 
result in case by case determinations or negotiations that involve 
10MHz channels since 95% of the users in this band are licensed in 
lOMhz channels now; end 3) our belief that the Emerging Technologies 
band should be reallocated for multiple, portable, RF uses end 
competitive service operators, whereas PCS systems that reguired 
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greater than lOKHz channelization could inhibit regulatory 
flexibility. Thus the first step to determining the sharing abilities 
of any ?cs system is to analyze how real cicrovave receivers react in 
the presence of different types of PCS interference. 

Summary of Analysis: 

The Si2e of Exclusion Zones Varies Primarily Due to Differences In: 

width of the PCS System's Frequency Channels. 

Propagation Assumptions 

Cumulative PCS Interference Per Cell 

Real World Interference To OFS From PCS Systems 
Jncre>ses Dramatically as Bandwidth Decreases Fron 1 0KK7 

Since 6 3* of all OFS linXs use analog microwave systems, ve 

focused our initial analysis on these receivers. As the attached 

experimental results prove, narrowband systems will cause 

significantly greater interference to these OFS users than Omnipoint's 

1CMH2 system at the same power levels. Given that interference to a 

microwave receiver continues to be defined by the TS310E standard es a 

Idb rise in the receiver* s noise threshold, then & n?.rrovband 100:^2 

PCS svste:? w ill require exclusion zones which are 100 tines larger 

outside the b earrtmeth than Omnipoint's IOKH2 system given the same 

power levels and propagation assumptions . 

Propagation Assumptions Dominate the 
Determina tion of Exclusion 2one Sizes Around an OFS Receiver 

Hate Mo dels are Inapmromiate for Determining Interference. 

It Is Kct the Averaoe Path Loss but the Path Loss of t;he Worst Cases 

that Determine Interference and Exclusi on Zones 
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A1=os * all exclusion rone analysis done to date assumes Kat 
propagation model characteristics prevail for estimating path loss 
from a PCS transmitter to en OFS receiver. As detailed in our 
Pioneer's Preference, Hate models are not appropriate for estimating 
i nterference to OFS receivers. Hata models were not designed for thi 
purpose, rather they were designed for cell site planning Tor filling 
in coverage. 

The problem with using Hata Models for interference analysis to 
OFS receivers is that they are derived from regressions, which in 
essence result in using only average path losses. However, the 
variance around the average at any given location is enormous. From a; 
interference perspective it is not just the average which is relevant, 
it is the worst case. 

To put this in graphic relief, consider that in our field 
tests we measured signal strengths at 12 miles from a microwave tcer 
which were 50db stronger than predicted by Hata Urban. One har.dsgt at 
ZhiS location js the equivalent o f 100. ooo handsets tssuains the -»t» 
everaee . 

In fact, the variance around the Hata models assumes that at 
least 2.5% of the locations will always have power levels at least 2C 
db or 100 times greater than the derived regression average. 

The difference in the size of an exclusion :one derived 
using the most conservative Kate sodel — Large City, Urban — versus 
Free Space, is roughly 2000 fold. 
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The relevance of this for designing a ?cs systec that car, 
coexist with O-S users is obvious when coupled with the conclusions 
regarding narrowband systems and the cumulative interference of 
traditional CDMA systems. 

A single narrcvhand PCS handset, for example using 20CKH2 
frequency channels such as GSh and using lOOaW of power, could cause 
interference to an analog OPS tower even 90 degrees offset to its 
bee-path froc 3S siles ovey if ir obtained free space propagation. 

Near free soace loss condition* »r-- not noeoccarily c rare 
event. In our field tests, it was very easy to identify numerous 
locations where near free space propagation was =easured within the 
firsc several miles. rven beyond 10 miles, up to 10* of our 
re . S ur e.-r.ents resulted in propagation coefficients within roughly lOdb 
cf free space. Nor were these measurements empheral events. In cur 
field tests we aeasurec actual degradation to an OTS receiver free 
different types cf PCS transmitters at various locations and 
distances. At l< =iles ewey end 30 degrees outside the bearpath we 
could degrade the ors by idb using just 2 to 44mW from a single 
narrowband signal. On one embankment 6.3 miles away and 45 degrees 
outside the beaapath, there were five locations within 100 feet cf 
each other where a single narrowband transmitter interfered with the 
OFS using 10 »w or less. At each of these locations, the PCS 
transmitter would continue to interfere for as long as the transmitter 
vas left on. 

we are currently developing more representative propagation 
path loss nodels based cn Lc-.gley-aice area models (TIRZ^ to evaluate 
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the effects of large nuabers of users. Even under the core realistic 
assumption of using a worst case propagation occurring soaevhere 
between Free Space end Hate Suburban, single narrowband handsets will 
cause interference froe many ailes away. 

Cumulative Interference Per Cell Varies 
p^natieallv BsBSndJjng on the PCS TecftpolQgv £EB2ov£3 

In all other known PCS systeas other than Oanipoint's, the 
aggregate interference per cell rises at least proportionately with 
the number of users. Even traditional CDJ1A systeas, though spreading 
their signals, cumulatively add interference on to the sane frequency 
band as the nuaber of users in a cell or cell sector rises. For 
exaaple, in larger cells, 60 users at an average of lOOaV? will produce 
6 watts of interference over that frequency band. 

In contrast, an entire loaded cell using Oanipoint's I0h>:z 
system with all channels active could operate within 5 miles of an OFS 
tower under the saae assumptions using worst case Free Space loss 
propagation, and closer to 2 ailes under core realistic worst case 
conditions. This is also precisely what our field experiaents have 
deaonstrated as veil. 

Using the Oanipoint systea, at no location 2 ailes or 
further froa the OFS receiver (and outside the beaapath) could we 
raise the noise threshold ldb on any channel while transmitting at 
lOOavr. in fact, out of all the aeasureaents 2 ailes or further away, 
in only one case could we raise the -noise floor by ldb even using the 
naxinua transait power of 500aW. 
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The Definition of Co-Existence «ug 
we strongly doubt that the Commission has enough information 
to actually specify a adulation scheme, or that the Commission 
desires to set such standards. conversely, ve assume that the 
mission will continue its role of setting criteria for deterr.in.ng 
interference. What ve hope ve have shown in our Pioneers Preference 
request and in our experimental report, is the need to use criteria 
which reflect the radical differences between different PCS approaches 
with respect to their ability to share with OFS users. 

The PCS industry, the incumbent OFS users, and the 
Co-r«..ion are veil avare of the fact that on average, roughly 75* of 
the OFS linxs in the major KSAs are 25 miles or further rrcm the city 
centers. Through careful frequency selection on a cell by cell b.s.s, 
the be.mpaths of most of these can be avoided within that 25 mile 
circumference. «ter that, the ability to share geographically 
outside the beampaths. is a function of the PCS system design. 

AS discussed above, all proposed PCS systems should have the 
right to negotiate co-existence. But the trigger for forcing 
negotiation is whether the technology selected by the PCS operator is 
beina used outside that technology's defined exclusion zone. If a 
narrowband PCS system can interfere from 25 miles away then it will 
have to negotiate with virtually all the incumbent OFS users in that 
city in a given frequency before it can put. even the first PCS cell 
into operation. With Omnipoinfs system, a PCS provider could 
initiate operations in most cities within the first 1200 square miles 
before requiring negotiations. 
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Recognition of Other Picneerinc Efforts 
While ve have -tried to read all of the Pioneers Preference 
Requests, we cannot say that we were able to give all of then the sane 
attention given the breathtaking pace and the numerous deadlines of 
the PCS and Pioneers Preference proceedings. 

We noted in our Coaoents to the Kay 4, 1992 Pioneers 
Preference filings that we thought the Commission had a unique 
opportunity to encourage both innovation and cooperation by awarding 
multiple preferences in the PCS proceeding. We urged the Commission 
to avoid the damaging message it would convey to future entrepreneurs 
by awarding only one or two preferences or none at all. We suggested 
they should recognize multiple competing technologies as veil as the 
efforts of competing service providers. 

We believe that many parties have made significant 
contributions in many different ways, ranging from market research to 
innovative policy recorjnendations . Kany of thee have spent millions 
of dollars in ways which all of us have benefited. We are not lawyers 
nor able to ascertain the subtleties of the pioneers preference rules, 
but we hope they allow the flexibility to recognize many kinds of 
innovators that will otherwise probably be returned to the fate of the 
lottery process. 

In particular with respect to common carrier telephony based 
pioneer preferences we urge the Commission to look carefully at the 
efforts of Bell Atlantic, Ameritech, • the Pacific Telesis Companies, 
Westinghouse/Pertel, PCNA, Locate, and APC. The first three companies 
we have worked with and can give direct testimony to their significant 



WO 96/06490 



PCI7US95/10387 



199 



.-for«. The latter four we have no business relationship with, but 
„. have followed their efforts, frequently disagreed with the,., but 
elw.ys adnired their entrepr.neurship end tenacity in pioneering the 

difficult PCS vilderness. 

Bell Atlantic's end the Pacific T.lesis companies have already 
been recognized by others end w. concur with those consents. 
A»eritech.s efforts et providing cereful definitions of PCS through 
scientific marKet re.eerch n.y heve obscured their" technicel 
innovations in modifying the National ISDK-1 stenderd to ellow 
mobility menagenent from central switches. 

«.stinghouse/Pertel has the unique perspective of being both a 
«J.r ors incu=b.nt as well as a pioneer in PCS. Their open attitude 
and efforts in testing all technologies to deter=ine the best approach 
for deploying PCS is deserving of recognition. 

PCKVs. Located, and APCs contributions are well Know, and 
voluminously documented. V. disagree with sc*e of their technology 
epproaches but we recognize then as fellow pioneers. 
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1.0 Introduction 

Responsible spectrum sharing with incumbent OPS microwave users requires a clear 
understanding of how these systems react to different types of interfering signals as a 
function of range, bandwidth and fornoL Depending on modulzdon format and 
bandwidth; OPS microwave receivers exhibit markedly different responses. In particular, 
OPS receivers are as much as 20 d3 more susecpdble to narrowband interference than 
Omnipoim's 10 MHz signals. As a consequence of this, narrowband systems will require 
large exclusion rones and have greater difficulty in sharing with incumbent OFS users. 
Required exclusion areas are lively to be up to 100 times larger for narrowband systems. 
Complicating the issue, preparation conditions into the victim OFS receiver are highly 
variable. The Kata c propaga^cn models used in most filings present an overly simplistic 
view of the interference potential from PCS. Based oz field measurements taken in the 
1962-!96<j time frame by Okumura 1 ; the Kr2 models represent median propagation path 
loss in quasi smooth terrain. As such, they do no: address the "rogue* handset problem. 
Compared with Kata, Large city Urban predictions, a single handset, located in a region 
where near free space propagadon conditions prevail, can appear one hundred thousand 
times sronger :o an OPS receiver. We have observed this situation in our field testing 1 . 



°M. HiU, Empiricsl Forrr.uic for ?ropet^rS\on Lou \n Uxnd Mobile Rzdio Service:, EEH Tffgsastiofcf OS 
Vchicvlir Teciaolofy, Auruxl 1980 

' Y. Ofcvsiurt. Fitld Strength crj its vcrtcbiliry In UHF cn* VHF lmd<4nabile roAio services, Tokyo Rev. El*c. 
Cocwue. Lab. vol.16, Reprinted in LsrJ-MobtU Commvnicstioru Zngineerir^, ESS Prett, 1954 

'P^ptgatton ncrolu tst soaUiecd is kcuc 4.0 of this report. 
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2.0 Microwave Receiver Sensitivity to PCS Interference 

Examining the principles of operation for FDM-FM receivers, w: have concluded tha: 
narrowband interference is more damaging to OFS microwave receivers. Specifically, the 
narrowband FDM-FM modulation format used by S3 £ of ail licensed users is more 
susceptible to narrowband interference effects because each baseband voice channel's 
spectral occupancy is concenrated in two, 3.1 kHz bands. A series cf tests; both in the lab 
and in the field were undenakrn to validate our theoretical models. 

The principle of operation is essentially the same among all OFS analog FDM-FM 
equipment. Figure 2.0-!, taicn from the operations manual, shows specifications for the 
Motorola Starpoint transmitter/receiver pair used In our testing. The equipment used for 
testing operates in the common carrier band at a 2I7S MHz center frequency. We used a 
96 channel model (P55 option) with a per channel RMS deviation cf 47 kHz. Table 2.0-1, 
taken from the TS31C-E identifies ar. OFS receiver with identical parameters, except 
operating in the 2130-2150 MHz and 2180-2200 MHz FOFS allocations. Of particular 
importance, the modulation index is small; around 0.25. These systems are in actuality 
using a narrowband FM signaling format, even though the bandwidth* are large. Figure 
2.C-2 provides a system block diagram of the transmitter and receiver. 

2-1 Bench Test Results 

In quantifying an OFS receiver's sensitivity to interference, both loaded and unloaded 
operation must be considered. Unloaded operation refers to situations where essentially 
none of the voice channels are in use while loaded operation considers the czse where 
essentially ail voice channels are in use. In the unloaded situation; the OFS receiver's 
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sensitivity is se; mainly by noise Figure. As voice channels become active, 
imermodulation distortion becomes important in setting the apparrnl noise floor of the 
OrS receive. This is because norJineariccs in the OrS Transmit/Receive process 
introduce intcrmodulation products between voice charjiels that map into other voice 
channels. 

2.1.1 Test Procedure (Bench) 

Figures 2.1.1-la end 2.1.1-lb diagram; the baseline bench test setup used. Referring to the 
first Figure; a Mareori nois: generator End a Krohn-Kite programmable filter is used to 
simulate baseband voice channel leading in accordance with CCIR recommendations. 
Switchablc narrowband bands:op filters a: 14 kHz, 2<5 kHz, and 342 kHz center 
frequencies car, notch out selected frequencies to simulate unused voice channels and 
observe Lntcrmodulation distortion. In unloaded tes±ng, the noise generator is switched 
•ofP so there is no inpu: to the Motorola FM transmitter. 

The Motorola Siazpoin: transmitter has a nominal output level of 1 Watt (+30 dBm). To 
simulate typical path loss, 90 d3 of attenuation is inserted benveen the transmitter and 
receiver. This corresponds to a nominal fade margin of 22.5 d3; considerably less than 
most OrS systems*. In consequence, our interference studies arc conservative in their 
estimates of how much power is needed to interfere with the OFS operator. 

The Motorola S^point receiver used has been specially modified to include several 
monitoring functions in a Rx/Tx drawer test set. Tnese modifications do not affect 

3 Ooc ttudy co^izd bv COMSZAXCH. essidcrie* 107 iiruu ai tb: Kcuxion fcuad thxt the 
•ventjt UJe o*r*;e u 54.4 dS. 
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receiver operations but allow monitoring receiver internals not normally ougjut. 
Specifically, it allows us to determine whether or not the 607 kKx pilot tone is being 
received correctly. 

The demodulated baseband FDM signal is then input into a Cushman, frequency 
selective level meter. Selecting a bandwidth of 3.1 kHz, this meter allows direct 
observation of the power level in any voice channel since the center frequency is tunable. 

Interference signal input is also shown in Figure 2.1.1-le. After 30 d3 of amplification, the 
interfering source is passed through 2 -10 d3 directional coupler into a Boontca 41-41 
Power Head where it is envelope detected. A Boonton 423D microwatt meter then gives 
a calibrated reading of the interference source power. The main feedthrough output of 
the directional coupler is input into the -20 dS port of another directional coupler to 
inject interference into the simulated OrS link. 

rive lest points are indicated in Figure 2.1.1-la; TP1 through T?5. An HP E595A Spectrum 
analyzer can be connected at each of these test points to obtain a picture of the composite 
spectrum. 

One of the key objectives in our testing is to quantify the effects of different type: of 
interference sources. Referring to Figure 2. 1.1 -lb, we have constructed a specialized item 
of test equipment; the Bob Dixon Box; to generate a variety of interfering sources. An 
KP-S018A serial data generator is set to generate length 231-1*2,147,483,647 maximal 
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length (ML) pscudo random code 1 . An attached frequency counter monitors the serial bi: 
rate generated. 

Serial data from the HP 801 SA is then filtered by one of three filters; a 10 MHz LP?, a 5 
MHz LP?, or a Krohn-Eite programmable film. Tht resultant is then mixed with an 
appropriate CW signal from the HP 8660C synthesizer to translate to HP. Depending on 
the selected filter bandwidth* and serial data chipping :a,te, a wide variety of inte rfere nce 
source signals can be provided. As an example, if the code generator is run at a high rate 
and a narrow filter is used, the output will be a quasi noise source with essentially 
Gaussian characteristics 5 . Slowing the chip rate, the output of the mixer takes on a BPSK, 
constant envelope characteristic, typical of many narrowband modulation format and 
direct sequence spread spectrum signals. Figures 2.1.1-2a and b, measured at T72, 
illustrate this effect. 

In the firs: Figure, a nominal 1 MHz chipping rate signal is fed into t 50 kHz LPF* and 
then translated to a 2,178,01^,000 Ez center frequency to produce a noise like spectrum. 
In the second, the chipping rate is cut to 100 kHz while other setungs remain constant. 
Note the slight residual sin x I x sicelobc present. 

Figures 2.1.1-2c and 2.1.1-2d show spectrums of 0.2 MHz and 0.5 MHz bandwidth quasi 
noise interference source signals used in this study, Although they appear identical, they 
are not; the spectrum analyzer span (indicated in the lower right comer of the Figure) is 
different between the two Figures. Figures 2.1. 1-e through g depict 1.25, 5.0 and 10.0 

td^ W ^ to ^ c uxs b«csu« it hi* t fin Jisc rpactrun. w;th ©qui] power is eseh iDfietr&l liee. 

»Bv the tret.nl limit ticorrei. wire tic L?P te^clhcr * krje »ct ef idesiisal dufinsuted nados 

vtrublst, tht rerJunt it CAUuiie. 
Irr.plcscsifid u«r r*o itcacru of ttc Kroha-Eiu fUur. 
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MHz bandwidth filtered BPSK interference source signals. The 5 and 10 MKz cases are 
nrpresen tative of Omnipoint signals while the 1 .25 MKz signal is representative of other 
proposed CDMA systems.. 

We also tested using the HP 8660C's FM xnodularion section. Figure 2.1.1-2h show the 
spectrum of the 100 kHz bandwidth FM signal used in our tests. The baseband 
modulating waveform was 1 1kHz sine wave and the modulation index was adjusted to 
g ; vc the desired bandwidth. 

2.1.2 Unloaded Interference Sensitivity (Bench) 

In the unloaded test configuration; the Marconi noise generator is turned off resulting in 
zero input to the Motorola SeLrpoinl transmitter. Figure 2.1.2-1 depicts the transmitted 
signal spectrum, measured at T?3. Nominal FDM-FM signal power at this point is -20 
d3m. The spectrum consists of two main components; the carrier and the pilot channel, 
located zt a 607 kHz offset. The pilot channel is generated in the transmitter by adding a 
607 kHz sine wave to the baseband signal. Since its frequency is above the top, 400 kHz 
voice channel, it does not interfere with voice channel information. The pilot signal 
serves several purposes; it is used to set gain on the baseband signal; it provides link 
quality assessment; and, it serves as a BFO reference for the SS3-FDM si£n2] 7 . 

Figure 2.1.2-2, measured at T?4, shows the output baseband signal spectrum under 
unloaded conditions. As expected, with pre emphasis/de emphasis turned off, the noise 

7 Eec*yse the bwbiad FDM life*! u • series of SS3 ii^nais. iltjhi frequency officii fa tbe SSB 
dce^duUlion proicw result b lbs 'Dcr-ild Duet* jyrsirecx. The pile: liyeil provides t rtftrense ttpul 
to zzasvrt try frequency shifu ietroduc*d by th* FV uuteucsr/rmiver pur. 
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level rises with frequency . Th; spiky signals in the lower ponior. of the spectrum are of 
undetermined origin but are generated within the receiver itself. Although they appear 
large, they are in actuality quite small in comparison with an acive voice signal 1 . 

In Figure 2.1.2-3a, we have added in a 100 kbps, filtered BPSX* signal at a frequency of 
217S.2 MKz: 200 kHz above the Motorola Starpoint's nominal center frequency. The 
interfering source's power level is -80 dBm, referenced to the Starpoist receiver's input. 
The resultant baseband signal spectrum is shown in Figure 2.1.2-3b. Note how the power 
bump has formed at an offset of 200 kHz. 3. 1 kHz EDM voice channels eperadng in the 
neighborhood of this bump would experience signif.canily higher interference compared 
with voice channels at far removed frequencies. 

Rearing the experiment except using e 10 MHi filtered BPSK signal 10 typical of 
Omnipoir.t's system, we obtain the results cf Figures 2.1.2-4a end b. Comparing Figure 
2.1.2-42 with Figure 2.1.2-1 (no interference case) we see that the wideband OmnipoLr. 
signal appears much like an elevated noise floor going into the FM receiver except for the 
spur at a 200 kHz offset. This spur is due to LO leakage through the double balanced 
mixer in Bcb Dixon's Box". In practice we can eliminate this leakage term using a 
proprietary technique but for test purposes we decided to leave it in since it makes a 
handy marker for the Interfering source center frequency. 



Ht 1— lie; 2.1.3 for examples orioided voice cireuiu. 
JSje f.fu:e 2.1.1.2b b •esuoa 2.1.1 

v * of «he test $igs*} is shawn ie fiju.-* 2.1.1-2j. Is icziz'. t y»tc=a, £be teaCl tddasti in 

ehcwuiee wu= r puUc .hapioj t«ieieu« to: iScJuied ei- tec leap. m 
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Examining Figure 2.1.2-4b, we not* that the baseband FDM signal does not exhibit the 
pronounced power bump seen in Figure 2.1.2-3b. In fact, comparing the two cases, we 
see that the power bump is 20 dB higher than corresponding frequencies for the 
Omnipoint spread spectrum signal. th< U baauy rhr ny-mwhand FM^ ggnQ&l&aes 
preee« ns-d in FDM-FM r~^Wrr* is etsentiallv a r>cctni^ vrtserviv* proc?S?- -A 
na^whand r.ri^ po!Tip intn lh» TV rffsgrireinatO T wfl enmr fw»» f n*TTPwh ? n<< SgliaL 
The spread spectrum signal spreads it's energy over a wider range of frequencies, hence 
it has a low spectral density going into the FM discriminator. This low spectral d«"ity is 
preserved on output from the Thi discriminator. 

In Figures 2.1.2-5a and b, wc consider an intermediate case, using the 1.25 MHz filtered 
BPSK signal' 3 as an interfering source. This is representative of the direct sequence QPSK. 
CDMA signs! s proposed by several companies in their pioneers preference filings, ln the 
RF spectrum plot, we note some spectrum rolloff, but, because the span is only 2 MKz we 
dor.' i observe the full spectrum of the interfering signal. Examining the baseband 
spectrum plot (Figure 2.1 .2-5b), we see results that a! first glance, appear very similar to 
the results obtained with a 10 MKz spreading bandwidth. Thty art. not! If we superimpose 
the two plots, the Omnipoint signal results in a factor of 9 dB less interference because it 
has a 9 dB lower spectral density. 

Up to this point we have been examining spectral plots to show how the interfering 
source's bandwidth affects the baseband signal. In order to make quantitative statements 
about how much interfering power can be tolerated as a function of bandwidth, we use 
the Cushman frequency selective level meter to measure power Ln a 3.1 kHz voice 

t: Mocu!tUos iss&x of 0.25 

,5 Depicfod m fip»r« 2-1.1-2* • 
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channel bandwidth. FDM voice channels centered a: 14 kHz, 245 kHz, and, 342 kHz were 
taken is representative and designated Low, Middle, and High respectively. We then 
introduced each of the eight types of interference identified in Figures 2.1.1-2a through h 
and measured the required Interference power necessary to cause J dB r 3 dB, 6 dB and 10 
dB of degradation in the sclcoed voice channel. In each case, the interfere: was centered 
on the target voice channel's baseband FDM frequency offset. As an example, if the 
Medium channel (245 kHz) voice channel is to be targeted, the interfering source was 
tuned to a center frequency of 2178 MHz -r 245 kHz - 217S.245 MHz. Wide band 
interference sources were moved over an additional 30 kHz to avoid biasing the results 
with mixer LO leakage. 

Table 2.1.2-1 summarizes the results of this study. For each interference type, we first 
measure the ba*e channel noise power with no interference present. Then, we gradually 
increase interference power until the voice channel power increases by 1 d3 as measured 
by the appropriately tuned Cushman meter. We then note the required interference 
power, as measured by the Boontor. micro waruneter and reference it to the FM receive: 
antenr*2 post (subtract 60 c3 from the measured value). This procedure is then repeated 
for 3 dB voice channel degradation etc. 

In examining these results and the plotted results seen in Figure 2.1.2*6, we again confirm 
our expectation that FDM-FM systems are more susceptible to narrowband interference. 
As expected, the relative susceptibility gees as the ratio of the bandwidths. Comparing 
results for a 100 kHz interfering source with those for a 10 MHz source, wc sec that the 
FDM-FM receiver Is 

JO lag (JOMHz/lOOkHV -20 dB 
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more vulnerable to the narrowband imcrfcrer. With r>r?rrU to socs-vm jfonsz* Utt 
]'n:?l;c2!ions of this 2-e enormrvt* for a riven Txi u r lrvg? w can h» a fecfor of ten timn 
C)p<f to pn OPS rerrv^ before wr gag ft- t.-,^ ^gg] of interference Trm tt~h< that 

our excision rr-oi w?n inn * Pr « .^n- ; n ^ 
2.1.3 Loaded Interference Sensitivity (Bench) 

In assessing the potential for interfering with FDM-FM OFS links , we also need to 
consider the loaded case where the lint is carrying voice traffic. Rather than try and find 
96 telephones end hook them up to the transmitter with 96 people on the line, the CCIR 
recommends using 2 noise source to simulate voice traffic. In the test setup of Figure 
2. 1 . 1-1 a, the Marconi noise generator ar.d Krohn-Hhe filter are used to generate 
simulated voice traffic. 

Figure 2. 1 .3- la shows the resultant simulated traffic power spectrum measured at TP1. 
Feeding this signal into the FM transmitter results in the RF signal spectrum shown in 
Figure 2.1 .3-1 b. Note how the pilot and carrier signals are no longer visible. They are still 
there except with significantly lower amplitudes, energy is being "robbed" to cany the 
voice traffic. After demodulation In the FM receiver, we obtain the signal spectrum 
shown in Figure 2.1.3-lc, measured at TP A. It looks about the same as the input baseband 
signal measured at T?l. 



*F.«f iorj wb»T» iob*aJ PCS opcr»tioo li prohibited fciacc It "will violate OF5 isUrfcrenco criicri*. 
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In order to measure, the effects of interference on the FM receiver, we notch out selected 
portions of the input baseband spectrum as shown in Figure 2.1.3-2*. Here, the bandsmp 
notch niters shown as pan of the Marconi noise generator are switched in to simulate 
empty voice channels. This signal, measured al TP 1, is then fed into the FM 
trar.sminer/receivcr chain. After demodulation by the FM receiver, we obtain the results 
of Figure 2.1.3-2b, measured a: T?4. Of particular importance, note bow the notch depth 
has been filled in. This is because of mtermodulaticn distortion inherent to the FM radio 
chain. 

Nonlinearihes in the Transmitter/Receiver chain cause elements of the baseband signal to 
mix together, producing new and undesired frequencies. In a sense, the FDM-FM system 
is self jamming itself. 

In Fjjure 2.1.3-3a, we have added in a -BO dBm (referenced to the receiver port), 100 kbps 
filtered B?SK interfering source centered at 217E.27 MHz. As expected, the notch filled in 
wiih interference. Comparing with Figure 2. 1.3-2b 5J , the 245 kHz notch depth has 
degraded from 35.77 d3 to 11.93 dB. Voice channels operating in the neighborhood of 245 
kHz have had SXR degraded by 35.77-11.93 =23.84 d3. 

Figure 2.1.3-3b repeats the experiment with an Omnipoint 10 MHz signal. Notch depth 
improves 11.5 d3, demonstrating the reduced interference potential of the Omnipoint 
waveform. In Figure 2.1.3-3c, we consider the intermediate case of a 1.25 MHz filtered 
BPSK interfering source. Notch' depth degrades by about 6 dB. Since the lab results are 
based on rather low FDM-FM received levels, we expect that redoing the series for a 



"Till firm wu CJBMuraJ »bout u«* bourv «rlier th*2 fifcrc 2-1.3-3t fcrouxh e. Appanaily fee Xreba 
Hue fiUc: drifts ov«r (hit xoIctvaI. bees* tic iliti j c level tai elupc. 
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higher FDM-FM signal level, we will again see rrsults mere along the lines of the 
unloaded case. 

2.1.4 Bench Test Conclusions 

Our bench testing has conclusively shown that under both unloaded end loaded 
conditions, FDM-FM receivers arc significantly more susceptible to narrowband 
interference as we had claimed in our pioneers preference filing. Specifically, we have 
demonstrated that for a given power level, FDM-FM receivers are 100 times more 
susceptible to 100 kHz narrowband interference than 10 MHz Omnipoint type signals in 
the unloaded case. As a consequence of this, we expect that ou: exclusion zones will be 
100 times smaller in terms of area than comparable narrowband systems. 

Figure 2.1.4-1", taken from cur filing, reiterates this feet, showing required exclusion 
radius as a function of transmit ETR? for both narrowband and wideband signaling 
formats. In all cases, free space propagation is assumed to provide an upper bound on 
required exclusion radius. 

2.2 Field Test Results (Interference) 

As part of our testing, we put together a mobile van tes: setup to experiment with 
jamming an active point to point microwave link. The link was operating ai norma) 
power levels with a fade margin of 35 dB. 



FDM-FM Microwave Link Propagation and Interference Experimental Test Results 



WO 96/06490 PCTAJS95/10387 



212 



Referring to Figure 2.2-la, the microwave link tot setup uses essentially the same 
equipment as in the bench tot except now, actual dish antennas are used. The tot sits'* 
transmits either unloaded or loaded FDM-FM signals as described in section 2.1. An 
additional 10 dB of attenuation can be switched in to model fading effects. 

The victim FDM-FM receiver is located in downtown Fueblo Colorado" on top of a 130' 
tall building. As described in section 2.1, a Cushman Frequency Selective Level meter is 
used to measure interference effects. 



The mobile van unit carried the complement of equipment indicated in Figures 2.2-lb 
and c. This is fundamentally the same equipment used in the lab except with the 
interference source driving a linear power amplifier" and z discone antecna located 13' 
AGL. The Boonton power meter taps into the transmission path though a net 30 d3 of 
attenuation to provide a calibrated measure of the Transmitted interference power. 

When using the Bob Dixon Box (3D3), maximum EIR? from the van is around 500 mW 
because of insertion losses associated with the double balanced mixer. Whcr. using e CW 
interfering source from the HP 8660 synC.esixcr, the BDB is bypassed; maximum EIR? 
increases to 2.4 Watts. 



A continuous wave (CW) signal is indicative of a homogeneous 100kHz signal (a string of 
"IV or "0's"), as is common in some systems during an "idle" state. Table 2.2-laa 
(Unloaded Filed Test Results (Interference)) clearly indicates that a CW signal is very 

"Tower bus locaisd »: 3S i£' 4$.1*'N. J04 50' 34.69' W. Slevu-cs 6925' AM SI. A=Trnn l«ixh: of £5* ACL. 
"Tower bate locxari it 38 17' 21.33'N. 1W 35' 46.65' W, Eievmaot AMSL. AetfieeTfesicai of 144' 

AGL. 

'*No ni-.i1 1 W»lt snxiroum power output. 
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likely 10 imsrfcn with an OFS user ever, when the CW source is not in the main bearr.. At 
nearly 14 miles. 1.6mW of CW signal 30 s outside of the inainbeam caused the maximum 
allowable TS310-E degradation, i.e. IdS. Similarly, one seventh of a milliwatt of CW 7.5 
miles away and 34* onset from the main beam causes 1 dB of degradation 

Personnel at the van and the test sites were linked together via cellular phone conference 
calls permitting a test procedure similar to thai used in the lab. At each test rite, we 
performed a series of interference tests using the narrowband, 100 kbps BPSK signal end 
the 10 MHz wideband spread spectrum signal. In general the results agreed with our 
bench tests; the narrowband signal proved approximately 20 dB more damaging for a 
given power level in the unloaded case and 10 to 15 d3 more damaging in the loaded 
case. Required exclusion zones will be significantly larger fcr narrowband equipment. 

Tables 2.2- la and b show field test results for unloaded and loaded cases respectively. In 
several instances, we did not have sufficient interference source transmit power to 
achieve the desired interference level Into the FDM-FM victim receiver. These cases arc 
noted with an 'n* in the tables. Blanks indicate tests not performed. 

In these tables, the firs: column shows interference source range from the Pueblo FDM- 
FM receiving station. The second column Indicates how many degrees off borwight the 
interfering source is, measured in e clockwise direction. Zero degrees is the nainbeam 
direction where the dish antenna is pointed. The interference type is then indicated. 
Quiescent baseband noise level (no interference) Is measured prior to each interference 
test, providing a reference level for measuring voice channel SNR degradation. 
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We also experimented with the switchable 10 dB attenuator at the transmit site to 
simulate moderate fading conditions. 
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3.0 Field Test Results (Propagation) 

In reading the \-2rious filings end propagation test reports, we have come to the 
conclusion that the use of Hata propaganon models may be unrealistic for establishing 
exclusion zones. This is true in the context of mobile users since a single handset can 
potentially obtain near free space propagation to that microwave tower and jam it. In our 
opinion, several reports submitted to the FCC paint overly cptimstic results on sharing 
by using Hata Urban models to derive exclusion ranges. 

In obtaining some propagation data of our own, w: mounted 2 discone antenna or. the 
Pueblo test site microwave antenna at a height of 138 feet above ground level (AGL) and 
transmitted at 2178 MHz with an EER? of 32 dBm. On the van, we mounted two discone 
antennas, one on the roof at 6' AGL and another cn i mast at 13' AGL. We equipped the 
van with a Trimble GPS navigation unit to measure position. We then drove around in 
the Pueblo area measuring signal received signal srenjth. 

Results from this testing arc shown in Figures 3.0-la through c. In each of these Figures, 
expected results for the various" Hata models arc included as well as the free space 
prediction. In paracular, we note that near free space propagation can be obtained at a 
range of 12 miles. Signal level? from a PCS handset 2t this loca*ipn into the microwave 
tou» r would be 100.000 times strong thar. dieted bv Wata Urban models. A single 
handset at thi< Irv-itinn would he eatiivalent to 100 000 h?nd<gt« at an average location. 
Rogue handsets present a significant threat to the incumbent OFS user unless properly 
accounted for in the propagation modeling. 

l> Urje City taodoh wiih s but ctatioo be-jbt of 13 f tad ■ =obile tnteeRi bt'tfht of 6'. 
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Figures 3.0-2a and b' c show that this is no: jus: a pathological case; significant deviations 
from the Hata predictions are observed in both cases. This is in fact the main weakness in 
using the Kata median propagation loss formulas for developing path loss predictions; 
they only predict medians. In developing responsible criteria for sharing with incumbent 
OFS users, it is imporunt to not gloss over this fact. 



XTtkza from Moloroli's July 24. 1991 fdisj witi FCC 
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4.0 Conclusions and Planned Additional Interference Testing 

Bench testing with a representative FDM-FM receiver has conclusively shown that 
interference susceptibility is a function of interfering source bandwidth with 
narrowband formats doing the most damage. As a consequence of this, narrowband 
systems will require large exclusion 2cnes and have greater difficulty in sharing with 
incumbent OFS users. Required exclusion areas art likely to be 100 limes larger for 
narrowband systems. Outdoor interference testing indicated that the bench test results 
will hold in actual practice; we were able to interfere with the FDM-FM receiver at much 
longer ranges when using narrowband signals. 

Digital radios are the other major type of equipment used by OFS users though they only 
constitute a small minority of systems. We have obtained the use of a Faranon-Harris 
digital radio link capable of supporting a DS2 data rate 21 and plan to conduct another 
scries of interference tests with this equipment. A EER degradation criteria along the 
lines of TSB10-Z will be used to evaluate interference effects. We expect to see differences 
in susceptibility between narrowband and wideband cases based on published T/T 22 
criteria as a function of frequency. 

Finally, we have measured propagation path losses as a function of range to a microwave 
tower and found that it is highly variable. Results are consistent with Motorola's 
published data on this topic. In some cases, the propagation path losses were 100,000 
times smaller than predicted by the Hata Urban models used by some authors tn their 
reports on spectrum sharing. Even in large cities, we expect that free space propagation 

;J6.176 MEPS or four tin** lb* TI <bu nte of MBPS. 
^Tb?«4bo!d tolaLrrfrresce 
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can prevail into a microwave tcrwer if the handset is locaied in i rog ue position (e.g. 
balcony, rooftop, ex.). Responsible sharing must address this problem. Omripolnt's 
approach has been to develop signaling formats that are inherently less dam2ging to OFS 
receivers and then assume very conservanve propagation patfi loss models. 
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What is claimed is : 



1. An apparatus for multi-band multi-mode communication 
comprising : 

a transmitter, said transmitter having a plurality of 
transmission modes and a plurality of output frequency bands; 
and 

a receiver co-located with said transmitter, said 
receiver having a plurality of reception modes and a plurality 
of input frequency bands. 

2. The apparatus of claim 1 wherein said plurality of 
transmission and reception modes comprises a spread spectrum 
mode . 



3 . The apparatus of claim 1 wherein said plurality of 
transmission and reception modes comprise a narrowband mode. 

4. The apparatus of claim 1 wherein said plurality of 
input and output frequency bands comprise a frequency band 
which spans from 2400 megahertz to 2483.5 megahertz. 



5. The apparatus of claim 1 wherein said plurality of 
input and output frequency bands comprise a frequency band 
which spans from 1850 megahertz to 1990 megahertz. 

6 . The apparatus of claim 1 wherein said receiver and 
said transmitter are co-located in a mobile handset. 

7. The apparatus of claim 1 wherein said plurality of 
transmission and reception modes comprise a cellular mode. 

8. The apparatus of claim 1 wherein said plurality of 
transmission and reception modes comprise a microcellular 
mode . 
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9. The apparatus of claim 1 wherein said plurality of 
transmission modes comprises a communications protocol 
selected from the group consisting of: AMPS , GSM, IS-45, IS- 95 
and DECT. 

10. The apparatus of claim 1 wherein said plurality of 
reception- modes comprises a communications protocol selected 
from the group consisting of: AMPS, GSM, IS-45, IS- 95 and 
DECT. 

11. The apparatus of claim 1 further comprising a paging 

unit . 

12. An apparatus for multi-band multi-mode communication 
comprising : 

a transmitter comprising 

a first tunable frequency source; 
a plurality of modulators coupled to said first 
tunable frequency source, said plurality of 
- modulators comprising a plurality of transmission 
modes ; 

a first mode selection signal coupled to each 
of said plurality of modulators ; 

a first filter coupled to an output of each of 
said plurality of modulators; and 

a receiver comprising 

a second filter; 

a second tunable frequency source; 

a frequency converter coupled to said second 
filter and coupled to said second tunable frequency 
source ; 

a plurality of demodulators coupled to said 
frequency converter, said plurality of demodulators 
comprising a plurality of reception modes 
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a second mode select signal coupled to each of 
said plurality of demodulators, 

13 . The apparatus of claim 12 wherein said plurality of 
5 demodulators comprise a spread spectrum demodulator and a 

narrowband demodulator. 

14 . The apparatus of claim 12 wherein said plurality of 
modulators comprise a spread spectrum modulator and a 

10 narrowband modulator. 

15 . The apparatus of claim 12 further comprising a mode 
select switch which selects one of said plurality of 
transmission modes. 

15 

16. The apparatus of claim 12 further comprising a mode 
select switch which selects one of said plurality of reception 
modes . 

20 17. The apparatus of claim 12 wherein said transmitter 

further comprises a power amplifier coupled to said plurality 
of modulators, said power amplifier adjustable to operate in 
each of said plurality of transmission modes. 

25 IB. The apparatus of claim 12 wherein at least one of 

said first and second tunable frequency sources comprises a 
programmable frequency synthesizer. 

19 . The apparatus of claim 12 wherein said first filter 
3 0 is capable of passing a signal in each of said plurality of 

transmission modes. 

20. The apparatus of claim 12 wherein said second filter 
is capable of passing a signal in each of said plurality of 

35 reception modes. 
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21. The apparatus of claim 12 wherein said first and 
second filters comprise center filtering frequencies in a 
plurality of frequency bands. 

22. The apparatus of claim 12 wherein at least one of 
said first and second filters comprises an adjustable bandpass 
filter. 

23 . The apparatus of claim 12 wherein at least one of 
said first and second filters comprises a plurality of 
bandpass filters in parallel. 

24 . The apparatus of claim 12 wherein said first filter 
comprises a plurality of narrowband power amplifiers in 
parallel, said plurality of narrowband power amplifiers 
coupled to a multiplexer. 

25. An apparatus for receiving spread spectrum signals 
comprising: 

an antenna for receiving a spread spectrum signal 
transmitted at a first frequency; 

a frequency synthesizer outputting a synthesized signal 
comprising a second frequency; 

a filter coupled to said spread spectrum signal, said 
filter selectively outputting a filtered signal, said filtered 
signal comprising a first frequency range and a second 
frequency range; 

a multiplier coupled to said filtered signal and said 
synthesized signal, said multiplier outputting a multiplied 
signal ; 

a spread spectrum demodulator coupled to said multiplied 
signal . 

26. The apparatus of claim 25 wherein said frequency 
synthesizer comprises: 

a reference frequency signal source; 
a programmable divide -by-N counter; 
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a multiplier having inputs coupled to said programmable 
divide-by-N counter and said reference frequency signal 
source ; and 

a voltage-controlled oscillator having an input coupled 
to said multiplier, said voltage -controlled oscillator having 
an output coupled to said programmable divide-by-N counter. 

27. The apparatus of claim 25 wherein a plurality of 
frequency bands are monitored at once. 

28. The apparatus of claim 25 wherein: 

said first frequency range is defined by the summation of 
said first frequency and said second frequency, and 

said second frequency range is defined by a difference 
between said first frequency and said second frequency. 

29. The apparatus of claim 28 wherein said second 
frequency range is defined by the subtraction of said first 
frequency from said second frequency. 

30. -The apparatus of claim 2 8 wherein said second 
frequency range is defined by the subtraction of said second 
frequency from said first frequency. 

31. The apparatus of claim 28 wherein said filter 
comprises : 

a first band pass filter having a center filtering 
frequency defined by the summation of said first frequency and 
said second frequency, and 

a second band pass filter having a center filtering 
frequency defined by a difference between said first 
frequency and said second frequency. 

32. The apparatus of claim 31 further comprising at 
least one switch coupled to an output of said first band pass 
filter and an output of said second band pass filter. 
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33. The apparatus of claim 31 further comprising at 
least one switch coupled to an input of said first band pass 
filter and an input of said second band pass filter, 

34. A method for receiving spread spectrum signals 
comprising the steps of : 

receiving a spread spectrum- signal transmitted at a first 
frequency; 

generating with a frequency synthesizer a synthesized 
signal comprising a second frequency; 

filtering said spread spectrum signal and selectively 
outputting a filtered signal, said filtered signal comprising 
a first frequency range and a second frequency range; 

multiplying said filtered signal and said synthesized 
signal, and outputting a multiplied signal; and 

spread spectrum demodulating said multiplied signal . 

35. The method of claim 34 wherein: 

said first frequency range is defined by the summation of 
said first frequency and said second frequency, and 

said second frequency range is defined by a difference 
between said first frequency and said second frequency. 

36. The method of claim 35 wherein said filtering step 
comprises : 

band pass filtering said spread spectrum signal with a 
center filtering frequency defined by the summation of said 
first frequency and said second frequency, and 

band pass filtering said spread spectrum signal with a 
center filtering frequency defined by a difference between 
said first frequency and said second frequency. 

37. A method for receiving multi-band spread spectrum 
signals comprising the steps of: 

receiving a spread spectrum signal having a first 
frequency; 
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generating with a frequency synthesizer a synthesized 
signal comprising a second frequency; 

filtering said spread spectrum signal and outputting a 
first filtered signal and a second filtered signal, said first 
filtered signal falling within a first frequency range defined 
by the summation of said first frequency and said second 
frequency, said -second filtered signal falling within a 
frequency range defined by a difference between said first 
frequency and said second frequency; 

selectively modulating said first and second filtered 
signals with said synthesized signal and outputting a 
modulated signal; and 

spread spectrum demodulating said modulated signal. 

38. An apparatus for receiving spread spectrum signals 
comprising: 

means for receiving a spread spectrum signal transmitted 
at a first frequency; 

a frequency synthesizer outputting a synthesized signal 
comprising a second frequency; 

a filter coupled to said spread spectrum signal, said 
filter outputting a filtered signal at either a first center 
frequency or a second center frequency, said first center 
frequency defined by the summation of said first frequency and 
said second frequency and a second frequency range, said 
second frequency defined by a difference between said first 
frequency and said second frequency; 

a multiplier coupled to said filtered signal and said 
synthesized signal, said multiplier outputting a multiplied 
signal; 

a spread spectrum demodulator coupled to said multiplied 
signal . 

39. An apparatus for multi-band spread- spectrum 
communication comprising: 

a spread spectrum signal generator outputting a spread 
spectrum signal comprising a first frequency; 
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a frequency synthesizer output ting a synthesized signal 
comprising a second frequency; 

a multiplier having an input coupled to said frequency 
synthesizer and an input coupled to said spread spectrum 
signal generator, said multiplier generating a bimodal signal; 

a filter coupled to said bimodal signal, said filter 
comprising a first and a second output frequency ranges; 

said first output frequency range defined by the 
summation of said first frequency and said second frequency; 
and 

said second output frequency range defined by a 
difference between said first frequency and said second 
frequency . 

40. The apparatus of claim 3 9 wherein said second output 
frequency range is defined by the subtraction of said first 
frequency from said second frequency. 

41. The apparatus of claim 39 wherein said second output 
frequency range is defined by the subtraction of said second 
frequency- from said first frequency. 

42. The apparatus of claim 3 9 wherein said filter 
comprises : 

a first band pass filter comprising a center filtering 
frequency defined by the summation of said first frequency and 
said second frequency; and 

a second band pass filter comprising a center filtering 
frequency defined by a difference between said first frequency 
and said second frequency. 

43 . The apparatus of claim 42 wherein said filter 
further comprises a wideband amplifier coupled to a band 
select signal. 

44. The apparatus of claim 39 wherein said filter 
comprises : 
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a first narrowband power amplifier which operates at a 
frequency defined by the summation of said first frequency and 
said second frequency, said first narrowband power amplifier 
outputting a first amplified signal; and 

a second narrowband power amplifier which operates at a 
frequency defined by a difference between said first frequency 
and said second frequency, said second narrowband power 
amplifier outputting a second amplified signal. 

45. The apparatus of claim 44 wherein said filter 
further comprises a multiplexer having an input coupled to 
said first amplified signal and an input coupled to said 
second amplified signal, said multiplexer outputting one of 
said first or second amplified signals in response to a 
control signal . 

46. The apparatus of claim 44 wherein said filter 
further comprises at least one switch coupled to said first 
and second amplified signals, whereby one of said first or 
second amplified signals is selected in response to a control 
signal. 

47. The apparatus of claim 3 9 wherein said spread 
spectrum signal generator comprises: 

a spread spectrum encoder; 

a fixed signal source which generates a carrier signal; 

and 

a modulator having inputs coupled to said spread spectrum 
encoder and said fixed signal source. 

48. The apparatus of claim 3 9 wherein said frequency 
synthesizer comprises: 

a reference frequency signal source; 
a programmable divide -by-N counter; 

a multiplier having inputs coupled to said programmable 
divide -by-N counter and said reference frequency signal 
source ; and 
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a voltage -controlled oscillator having an input coupled 
to said multiplier, said voltage -controlled oscillator having 
an output coupled to said programmable divide-by-N counter. 

49. The apparatus of claim 39 wherein said first output 
frequency range spans from 2400 megahertz to 2483.5 megahertz. 

50. The apparatus of claim 39 wherein said second output 
frequency range spans from 1850 megahertz to 1990 megahertz. 

51. The apparatus of claim 39 wherein a signal having a 
frequency in both of said first and second output frequency 
ranges are transmitted at once. 

52. The apparatus of claim 3 9 wherein 

said first output frequency range comprises a plurality 
of first frequency sub-bands; 

said second output frequency range comprises a plurality 
of second frequency sub-bands; 

each one of said first frequency sub-bands is paired with 
a corresponding one of said second frequency sub-bands to 
define a plurality of frequency pairs; and 

said second frequency is selected from a discrete group 
of frequencies corresponding to said plurality of frequency 
pairs . 

53. A method for multi-band spread -spectrum 
communication comprising the steps of : 

generating a spread spectrum signal comprising a first 
frequency; 

generating with a frequency synthesizer a synthesized 
signal comprising a second frequency; 

modulating said spread spectrum signal and said 
synthesized signal to generate a bimodal signal; and 

filtering said bimodal signal to output a filtered signal 
having a first and a second output frequency ranges, said 
first output frequency range defined by the summation of said 
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first frequency and said second frequency, said second output 
frequency range defined by a difference between said first 
frequency and said second frequency. 

54. The method of claim 53 further comprising the step 
of selecting one of said first or second output frequency 
ranges . 

55. The method of claim 53 wherein said step of 
filtering comprises the steps of : 

band pass filtering with a center filtering frequency 
defined by the sum of said first frequency and said second 
frequency ; and 

band pass filtering with a center filtering frequency 
defined by a difference between said first frequency and said 
second frequency. 

56. The method of claim 53 wherein said step of 
filtering comprises the steps of: 

amplifying said bimodal signal at a frequency defined by 
the summation of said first frequency and said second 
frequency and outputting a first amplified signal; and 

amplifying said bimodal signal at a frequency defined a 
difference between said first frequency and said second 
frequency and outputting a second amplified signal. 

57. The method of claim 56 wherein said step of 
filtering further comprises the steps of multiplexing said 
first and second amplified signals and outputting one of said 
first or second amplified signals in response to a control 
signal . 
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